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IHTRODUCTIOH 
Adequate control of most soil insects attacking field 
crops has been largely impossible until recently. Cultural 
recommendations for control often conflicted with sound agro­
nomic practices or relied heavily on unpredictable climatic 
factors. Applications of available insecticides were laborious, 
costly, and sometimes injurious to the plants. Chemical conr-
trol of subterranean insects was revolutionized by the devel­
opment of new synthetic insecticides during and following 
World War II. The yields of several field crops have been 
increased by the use of efficient soil insecticides. 
Entomologists have become concerned about the possibility 
of these very stable new chemicals building up to harmful 
levels in the soil. One possible solution of this problem 
appears to be the application of a small amount of insecticide 
in close proximity to the area of insect attack as a seed 
treatment or "dressing". With lindane, for exaaiple, seed 
treatment would have to be repeated for about 100 years in a 
given field before the total dosage would equal that of one 
effective soil application for wireworms. The cost of the 
insecticide is correspondingly reduced by this procedure, and 
there is an additional saving in that no expensive equipment 
is needed for planting insecticide-treated seed. 
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Because of these advantages of seed treatment tiais method 
has been widely accepted by corn growers in lovra and other 
midwestern states. Farmers were already convinced of the 
benefit of treating seeds -^th a fungicide and were hopefxil 
of solving another early-season problem by adding an insecticide 
on. seed corn. A survey supervised by Dr. Harold Gunderson of 
the Iowa State College Agricultural Extension Service showed 
an estimated 61,450 bushels of seed corn treated with lindane 
in 34 of the 99 counties in Iowa in 1954. The County Extension 
Directors in these counties were not in full accord as to how 
much protection the seed treatment afforded in their respective 
counties. Much difference of opinion has prevailed among 
persons who have had experience with insecticide seed treat­
ment of corn. Some of the dissatisfied individuals were not 
familiar with the better techniques for using seed treatment 
and consequently condemned the entire procedure as being worth­
less. On the other hand some farmers have treated corn rou­
tinely and are fxilly convinced that they have received beneficial 
results. This indicates the need for additional research on 
this procedure^T 
Seed treatment with certain insecticides is approved for 
use on soybeans but commercial consumption of insecticides for 
this use has been trivial. This lack of interest in treating 
soybeans, the second most widely grown row crop in Iowa, may 
be largely attributed to the fact that there are no published 
data showing benefits from such a practice with this crop. 
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Also there is no general agreement on whether or not soil 
insects commonly find soybeans suitable as a food source# It 
is a common opinion that wireworms reject soybeans, presixmably 
because of the high oil content of the seed. However some 
authors include tiais plant as food for elaterid larvae. The 
same uncertainty prevails in the case of the seed-corn beetle. 
Even the seed-corn maggot, which has been successfully controlled 
by seed treatment on other large-seeded legumes, is not commonly 
combatted with this control method on soybeans, although this 
pest occasionally destroys soybean stands. 
This dissertation is the result of a study of some of the 
unanswered questions involved in the commercial use of insecti-
cidal seed.treatments of corn and soybeans. Field work has 
been carried out during the 1952 to 1954 growing seasons, and 
supplementary greenhouse work has been performed during the 
corresponding winter months. The principal objectives were; 
1* To determine the best methods of applying satisfactory 
dosages of the most effective insecticides so as to give max­
imum protection against soil insects and minimum phytotoxicity 
to seeds and seedlings. 
2. To obtain information on the performance of different 
varieties of seed soon after making the insecticide treatments 
and after prolonged storage. 
3« To investigate the merits of using an insecticide-
fungicide combination on corn and soybeans. 
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4. To explore the possibility of using antibiotics to 
instigate groartii stimulation and possibly improve insecticidal 
action* 
5o To atten5)t to find a means of reducing the root ab­
normalities of corn seedlings grown from lindane-treated seed 
by combining the insecticide with an antagonistic compounda 
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REVIEW OP LITERiiS-URE 
The use of chemical seed treatments is not new. According 
to tValker (194.8) some of the attempts at controlling plant 
diseases dating back to the seventeenth century utilized chemi­
cal seed treatments. Prom these early attempts at disease 
control seed treatment with fungicides has developed into a 
highly specialized procedure which has wide acceptance as a 
useful agricultural practice. 
Walker (1943) and Leukel (1948) both reviewed the develop­
ment of fungicidal seed treatments. Salt-brine steeping of 
wheat was used to combat bunt until the nineteenth century, 
when it was replaced by copper sulfate. Copper sulfate, in 
turn, largely gave way to hot water and formaldehyde treatments 
v/hich had the advantage of reducing bunt disease. Still later 
organic mercury compoimds replaced inorganic fiingicides for 
many uses, and dusts took precedence over liquids. Also the 
need for seed protectants to protect germinating seeds and 
seedlings from soil pathogens became recognized# This stimulated 
the synthesis of the modern nonmetaJLlic seed protectants. 
Seed Treatment for Wireworms 
Insecticidal seed treatment of corn and other cereal crops 
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to combat wireworms and other seed attacking insects had an 
early beginning but advances v/ere few until recently. This is 
shown by the following quotation from Bigger and Flint (1931, 
p. 140); 
- For more than 75 years methods of treating seed to 
prevent such insect injuries have been advocated, 
in most cases there has been no special reason for 
believing the treatment would be effective other 
than it smelled badly, tasted badly, or was 
poisonous• 
Thomas (1930, 1940) in his thorough reviews of the wire-
worm literature cited numerous attempts at seed treatment but 
in most cases the additives were found to have no value. Both 
inorganic and organic chemicals have been tested extensively. 
Petroleum, coal, and wood products, including tars, oils, 
naphthene, cresol, turpentine, and phenol, were usually extremely 
detrimental to germination. Nicotine and pyrethrum insecticides 
were safe to seed but failed to give protection. Often seed 
treatment with tars was used in the hope of repelling crows 
and other birds, as well as for wireworm control (Sanderson, 
1912). Caesar (1931) was among the last to attempt treatment 
with tars before these were given up as too phytotoxic. 
Pernald (1909) may have been the first to try a sticker 
for applying an insecticidal seed treatment. He used.gas tar 
on corn and then dusted on Paris green. Masaitis (1927) was 
convinced that Paris green, strychnine, bichloride of mercury, 
sodium arsenite, and white arsenic were all ineffective against 
elaterids in Siberia when used at the rate of 6 parts to 1000 
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parts of seed by weight as a dust on wheat and oats. When the 
dosage was increased the genaination was lowered. 
Interest in treating seed, especially corn, to protect it 
from soil insects was revived after the general adaptation of 
seed coating to prevent invasion by soil pathogens. Theoret­
ically the ideal seed treatment is one that is effective against 
both micro-organisms and insects. Modern fungicides apparently 
have little or no insecticidal value. Flint and Bigger (1930) 
tried 16 fungicides available at that time and obtained no 
significant reduction in wireworm damage in corn. Later the 
same workers (Bigger and F'lint, 1931) found that copper sulfate, 
iron sulfate, Semesan, and a Dr. Huston's corn seed treatment 
were all safe to seed corn but gave little protection from 
wireworms. Hawkins (1936) found that seed corn soaked in a 
solution of mercurous chloride, which was being widely tried 
as a seed protectant for vegetable crops, was readily attacked 
by Ajgriotes mancus Say, the wheat wireworm. Dichloroethyl 
ether was found to be toxic to wireworms but was too expensive 
for broadcast use. Cajrpbell (1942) reasoned that seed coat­
ing might overcome this cost limitation. ?7hen this chemical 
v/as incorporated in a dry carrier and dusted on watermelon 
seed it repelled wireworms but was phytotoxic to the plants 
and seeds* 
These references show that the need for satisfactory wire-
worm control was recognized and that seed treatment was consider­
ed as a hopeful control method. However really satisfactory 
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insecticides were not available for use on seeds until about 
10 years ago# The introduction of new synthetic organic coju-
pounds during World War II renewed the interest in seed treat­
ment. Because of its success in the control of many Insects 
DDT was among the first of the new insecticides to be tried as 
a seed treatment. Morrison and co-workers (1945) were among 
the first to try DDT as a seed treatment, although it was in­
tended for control of the garden centipede, Scutigarella 
iw^rpoculata (]Se^s)i instead of an insect pest. Excellent con­
trol was reported although the treatment was slow in its action. 
DDT as a seed treatment for storage insect pests of corn was 
found to be compatible with several fungicides (Hamner, 1947), 
and to give protection against these insects for as long as 
two years (Farrar and Wright, 1946). 
The use of DDT to control wireworms has not been encourag­
ing. Brooks and Anderson (1947) obtained a significant reduction 
in germination of some varieties of sweet corn and lima beans 
when 3 per cent DDT dust was applied to the seed as a slurry 
at 10.8 ounces per bushel, followed by the use of 3 per cent 
DDT dust at 175 pounds per acre in the row. Hopkins and Toole 
(1950) thought that the depressing effect of technical DDT at 
high levels of application to lima beans and other plants was 
due to the presence of some component other than p,p'-DDT. The 
effect of DDT on plants was thought by Chapman and Allen (1948) 
to resemble that of some plant hormones. The insecticide 
caused plant injury at high concentrations but appeared to give 
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plant stinmlation at reduced levels. Lange (1947) stated that 
DDT was slow in its action and unsatisfactory as a seed treat­
ment to control soil insects# In laboratory tests Kulash 
(1953a) found that DDT on seed corn afforded little protection 
against wireworms# 
During World War II henzene hexachloride, or BHC as it is 
commonly abbreviated, was found to exhibit considerable toxicity 
to wireworms exposed to it (Slade, 1945c). However this chem-
w T^" ill w V w w .fa •>« * w itiii *» * * w v ^ 
it (McLeod, 1946b, Brooks and Anderson, 1947)® New hope of an 
effective insecticide for wireworms arose when the gamma isomer 
of BHC, the active insecticidal ingredient, was isolated and 
made available comaercially (Slade, 1945b). The development, 
preparation, chemical properties, and uses of gamma BHC, now 
technically called lindane, have been reviewed by Slade (1945a, 
1945b), and to a lesser extent by Hensill (1952). 
Hocking (1949) was of the opinion that wireworms could be 
controlled by BHC seed treatment, but that only the pure gamma 
formulation should be used. Subsequent work has shown that 
both BHC and lindane seed treatments may produce abnormal seed­
lings when: (1) used at high dosages (Lowe, 1953), (2) applied 
by certain methods (Swift, 1952), (3) treated seed is stored 
at high temperature and moisture (Duffield, 1951), (4) treated 
seed is planted in dry soil during warm weather (Lilly, 1953), 
or (5) treated seed is planted in certain types of substrata 
(Doxey and Rhodes, 1951). This injury has been demonstrated 
10 
to occur at the time of geraiination (Driffield, 1951) • 
Hocking (1949, 1950) believed that the adverse effect on 
seedlings was not caused directly by the gamma isomer of BHC, 
but by a product formed by alkaline breakdown of this isomer 
and, to a smaller extent, by the breakdown of the alpha and 
beta isomers. He postulated that the agent causing deformatiea 
was probably the vapor of a mixture of trichlorobenzenes, and 
that stmlight and inadequate ventilation favored this chemical 
4 - r r n a + ; ' ?  n n > > * » < » o l r H n i u m  
products could be produced in such a short time at the relatively 
low concentration of the insecticide used for seed treatment# 
Kostoff (1943) discovered that BHC was capable of inducing 
both cytogenetic changes and atypical growth in corn and other 
plants* There were abnormal mitotic divisions causing a poly­
ploid condition in greatly enlarged cells. Sass (1951) con­
firmed this interference with normal mitosis in corn and soybeans, 
and likened the cytological figures to those from various animal 
cancers. Doxey and Rhodes (1951) concluded that gamma BHC was 
unlikely to bring about any considerable genetic effect because 
of the almost complete absence of chromosome breaks resxolting 
from its use. 
Kirkwood and Phillips (1946) found that gamma BHC inhibited 
growth of a strain of Saccharomyces cerevisiae Meyen, and that 
this inhibition was reversible by the addition of i^-inositol. 
The alpha, beta, and delta isomers inhibited growth to a lesser 
extent but their reactions were not reversible. These workers 
11 
concluded tiaat the gamma isomer exerts its insecticidal action 
by interfering with the inositol metabolism of the insect. 
Similar results of antagonism of gamma BHC by me so-inositol 
were reported by Buston ^  al< (1946) in Nematospora G-ossTPii 
{Ashby and Nowell) Guill,, and by Soulier and co-workers (1950) 
in Neurospora crassa Shear and Dodge. Contrary to the above 
results* Schopfer et (1947) were unable to demonstrate an 
antagonistic action of me so-inositol to the gamma isomer in 
several species of fungi® 
D'Amato (1949) felt it was worth while to investigate this 
phenomenon in angiosperms. He was successful in delaying the 
induction of mitotic poisoning of onion roots for 4 hours by 
the addition of 500 milligrams of me so-inositol to each 100 
milliliters of gammexane solution, but 0-mitosis had occurred 
at the second fixation of the roots after 24 hours. Also 
saccharose (95 milligrams) showed the same results. Glucose 
and galactose at 250-375 milligrams and lactose at 475-950 
milligrams gave only partial protection of 15-30 per cent normal 
mitosis. This delaying action was assumed to be due to a change 
in cell permeability. 
The possibility of a counteracting chemical for gamma BH3 
was piirsued still further by Hoplcin.s (1952) who used a total 
of 22 compounds in his study. Of these d-glucose was the most 
effective antagonist of both the gamma and delta isomers, the 
latter showing even greater pl^totoxicity to squash and saf-
flower than the former. However d-glucose gave no protection 
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against nigii concentrations of BHC, and the lengths of the 
untreated roots exceeded those of any of the treatments with 
BHC and glucose. He also noted that after the roots were in 
contact with the gamma isomer for 14 hours the inhibition of 
root growth was irreversible. 
In spite of the concern over lindane injury this insecti­
cide has been given favorable reports as a seed treatment by 
many investigators. In fact there are a few reports of plant 
stiiaulation by the use of gamma BHC (Horiguchi and Yamashina, 
1953), although the stimulatory effect on germination dis­
appeared within a week (Meltzer, 1952}* Gamma BHC had the 
advantage over previous seed treatments in that it seriously 
affected or killed wireworms within a short time, a character­
istic essential for efficient seed protection (Lange et al.j 
1949). Moreover seedling injury from lindane in the labora­
tory has been much more noticeable than that in the field 
(Jameson and McCallan, 1951). Meltzer (1952) believed that a 
reduction of at least 60 per cent was needed in the laboratory 
before injury could be detected in the field. A 1952 survey 
showed that 30 states were actively engaged in or contemplat­
ing research with insecticide seed treatments, mostly for the 
control of wireworms, and largely with lindane (Fletcher, 1952). 
Dogger and Lilly (1949) were evidently the first to try 
high gamma Biffi on corn as a wireworm control measure. Dosages 
of 2 and 4 ounces per bushel of seed gave good protection in 
the field with no apparent reduction in stand attributable 
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to the insecticide. Parathion at the same dosages was about 
equally effective, while chlordane was relatively ineffective 
in both field and laboratory tests® Although the gamma BHC 
in general gave good protection, wireworm injury was noted in 
the BHC plots where infestations were heaviest. This failxire 
of seed treatment to furnish adequate protection to corn lander 
heavy wireworm infestation has also been emphasized by Dogger 
(1950). 
Lange et al. (1949. p, 955). after three years of field 
and laboratory eaperimentation vjith seed treatment for wireworm 
control, concluded that lindane was more promising than either 
parathion, technical BHC, aldrin, dieldrin, DDT, or chlordane 
"from the standpoint of tolerance, safety and insecticidal 
efficiency." However they thought that aldrin, dieldrin, and 
parathion deserved further investigation. Seeds of various 
plants were found to differ considerably in their tolerance 
to lindane, especially at excessive dosages. Large lima beans 
were found to be more susceptible to injuiy than baby lima 
beans. Also four species of wireworms were found to vary in 
sensitiveness to lindane. Seed treatment was calculated to 
have reduced the field population of Limonius canus Lec., the 
second most susceptible species, by 45 per cent. Their dosage 
of one pound of 25 per cent lindane per 100 pounds of seed is 
considerably higher than the amount used on corn or soybeans. 
Kulash (1953a) concluded that heavy applications of insecticides 
do not necessarily give greater wireworm kills than, light ones. 
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The literature pertaining to the effectiveness of seed 
treatment as compared to other insecticidal application methods 
for reducing wireworms has been contradictory. Bonnemaison 
(1952) reported that BHC seed treatment produced better results 
than soil applications of either chlordane, aldrin, or dieldrin. 
Jameson ^  al> (1947) were of the opinion that seed coating 
grain with gamma BHC was slightly less efficient than a combine 
drilling method, while DDT seed treatment was noticeably infe­
rior to both* Ernould (1950) obtained a significant increase 
in yield with soil treatment, but not by seed dusting with 
three levels of the same insecticide. Kulash (1953a) concluded 
that the seed-coating method in field tests with corn was infe­
rior to both broadcast and insecticide-fertilizer-mixture 
applications. This vsa.3 attributed to the feeding habits of 
Melanotus comraunis (Gyll.) which directs its attack to the stem 
and roots after the plants are 4 to 6 inches tall. 
Seed Treatment for Seed-Corn Maggot and Other Root Maggots 
Most of the research on control of the larvae of nylemyia 
spp. by application of insecticides to seed has been with 
vegetable crops®- The results have been used in making recomr 
mendations for field crops such as corn and soybeans for want 
of more specific data. Therefore a review of the literature 
on vegetable seed treatment for maggot control will be presented. 
Many chemicals such as kerosene, turpentine, and tar have 
been tried as seed treatments for maggot control (Caesar, 1931), 
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but calomel was the first C0s5)0und that showed, real promise. 
G-lasgow (1929) may have been the first to realize the value 
of calomel as a seed coating. He reported satisfactory control 
of a light infestation of maggot attacking cauliflower seed 
and seedlings. Also 50 per cent of an onion stsind remained 
after the seed had been mixed with about an equal weight of 
calomel, vfhereas the untreated plot was almost completely 
destroyed by maggots. This was considered excellent control 
at the time. Dustan (1937) and Wright (1933) confirmed the 
benefits of using calomel in protecting onions from onion fly 
attacks by coating the seed just prior to sowing. 
After further testing Glasgow (1934) concluded that calomel 
was effective against the onion maggot, H. antiqua (Meig.), 
when it was used at 2 pounds per pound of onion seed and a 
heavy rate of seeding was practiced. However it was ineffective 
when applied to rapid growing crops such as radishes and turnips, 
and had no appreciable effect in reducing injury by the seed-
corn maggot. Neither did it satisfactorily reduce injury by 
the cabbage maggot, H. brassicae (Bouche), unless there was 
only a moderate infestation and the seed was sown thickly 
(Wright, 1940). Even on onion seed, c.alomel was later foxind 
to be impractical because it often delayed germination of the 
seed by as much as a week and retarded growth (McLeod, 1946a), 
and cost about $8.00 per acre for commercial use (itetthewman 
et al., 1942). 
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Because of the disadvantages of calomel research with 
newer insecticides was instigated. The early trials with DDT 
were not encouraging. Maan (1947) coated onion seeds with glue 
before stirring them in DDT dust and obtained better control 
of the onion maggot than when calomel was used. However 
McLeod (1946b) found DDT as a dust, an emulsiable concentrate, 
or in an acetone mixture unsuccessful for onion maggots. When 
Turner (1946b) combined this insecticide with Spergon he found 
no marked reduction of a seed-corn maggot infestation in lima 
beans. Similar results were obtained with DDT by Sowe and co­
workers (1952). 
Methoxychlor was found by Dills and Odlund (1949) to be 
the most effective of ten con^jounds tested on sv^eet corn and 
lima beans. Taylor (1950) obtained satisfactory results with 
both methoxychlor and chlordane, but a significant reduction 
in lima bean stand was noted in seed-treated plots when the 
seed remained for several days in a dry seed-bed. The dosage 
of both methoxychlor and chlordane was 4 ounces of actual 
toxicant per bushel. Elmore (1953) concluded that methoxychlor 
was not suitable for maggot control in lima beans. Toxaphene 
has also shown little value as a seed protectant (Howe ^  al. ^ 
1952), and parathion has had scant consideration because of 
its extreme mammalian toxicity. 
As late as 1949 Ristich and Schwart (1949, p. SO) concluded 
that "seed treatment gives little promise as a control measure 
for the seed-corn maggot" attacking beans. This statement was 
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made after extensive but unfavorable field trials in Nev/ York 
witJa DDT, ciilordane, toxapiaene, and BHC {Ristich, 1950) • The 
recommendation to growers was to delay planting until after 
the first "brood of maggots matures and before the second brood 
appears, a period of only about 4 days duration. Other workers 
in Mew York continued this research and were able to develop a 
usefiil seed treatment program. Howe ^  al. (1952) concluded 
that 1/4 ounce of lindane, dieldrin, or aldrin, or I/2 ounce 
of chlordane, per bushel of beans gave a high degree of cer­
tainty of obtaining satisfactory stands when the insecticide 
was combined with a fungicide in a Methocel slurry# Arasan 
SF was superior to Arasan because of its improved wetting 
properties, and to Spergon and Phygon because of its better 
protection. Adequate stands were not obtained when either the 
insecticide or the fungicide was used alone. Storage of treated 
a O lima beans for 58 weeks at 40 to 50 F did not induce plant 
injury or reduce the efficiency of the insecticide when the 
stored seeds were tested both in the field and in the green­
house. A higher temperature of 70° to SO® F seriously injured 
both treated and untreated seeds. 
Hofmaster (1951) was doubtful of the benefit of using 
a fungicide alone in Virginia, but believed that the combina­
tion of a fungicide with the insecticide gave better stands 
than when the insecticide was used by itself. Chlordane, 
aldrin, and dieldrin applied to snap beans planted after kale 
gave stand counts six to eight times greater than those of the 
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untreated control, Aldrin and dieldrin were thought to be 
slightly superior to lindane for seed-corn maggot control 
(Kugent and Hofiuaster, 1952). 
In California insecticidal seed treatment, especially 
•yyith lindane, has become well established following the inves­
tigations of Lange, Leach, and co-workers. Leach and Holland 
(1943) may have made the first mention of a planter-box mix 
for seed treatment. This method, along with several others, 
has been used extensively to treat seed with fungicides and 
insecticides in the lima bean growing regions of California. 
Lange ^  al» (1951) state that lindane at l/4 ounce of actual 
ingredient per 100 pounds of large lima beans, together with 
an adequate fungicide, was the only treatment used extensively 
up to 1950. However dieldrin, aldrin, and chlordane showed 
promise in experimental trials. In this article these authors 
point out some of the factors affecting the use of seed treat­
ments for maggot control. 
Leach and co-workers (1954) explored the efficacy of 
certain insecticide-fungicide combinations for treating large 
lima beans. Their findings ingilied that the greatest benefit 
of seed treatment was the protection from seed decay organisms. 
If the insecticide was used alone at the dosage given above, 
stand reduction resulted from an increase in seed decay. When 
either wireworms or seed-corn maggots were a factor, lindane 
combined with a suitable fungicide greatly improved the stand. 
The addition of the fungicide eliminated most of the injiirious 
19 
effects of lindane. Eliaore (19oo) added heptachlor to the list 
of effective insecticides for tiae control of tiie seed-corn 
maggot attacking lima beans in California. He thought the seed-
corn maggot had increased in recent years as an indirect resiilt 
of chemical control of wireworms. This statement was based on 
the discovery by Stone (1953) that wireworms may be predaceous 
on the seed-corn maggot* 
The use of insecticides as seed protectants against the 
seed-corn maggot attacking some types of beans has become 
widely accepted. In fact Saaltink (1953) reported excellent 
results with lindane seed treatment while soil applications 
with the same insecticide gave few or no beneficial results. 
The dosage of lindane for seed treatment was 5 grams of 20 per 
cent toxicant per kilogram of seed. 
In Louisiana B'loyd and Smith (1949) working with chlordane 
found that seed treatment compared favorably in yield with soil 
treatments when corn was treated for protection against the 
seed-corn maggot. 
Seed Treatment for Other Pests 
Seed treatment has been reported to be effective against 
a number of pests. Some of these reports have no research 
basis, but the control of elaterids and Hylemyia larvae does 
not exhaust the possibilities for the use of insecticides on 
seeds* 
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Joianson (1949) investigated seed treatment as a control 
measure for Agonoderus comma (Fabr.), a carabid attacking 
planted seed corn. In laboratory tests the killing efficiencies 
of insecticides to the adults were chlordane, parathion, BHC, 
and DDT in that order. Other species of subterranean Carabidae 
attacking corn have been thoxjght to be controlled by seed 
treatment but no published data are available* 
Insects invading stored grain have been attacked with 
insecticidal seed treatment with a high degree of success. 
Turner (1946a) compiled a thorough review of the literature 
pertaining to seed treatment for protection against weevils. 
DDT was the insecticide under consideration at that time. 
Applications of insecticides as dusts or liquid sprays on the 
surface of stored grain have been widely practiced (Packard, 
1945; Cotton et al., 1945| Parrar and Wright, 1946). 
Kulash (1953b) attempted a new method of application for 
stored grain. He used slurry treatments on stored corn for 
protection against the rice weevil, Sitophilus oryza (L.). 
Lindane gave better control than a pyrethrins-piperonyl 
butoxide mixture when both were used at various concentrations. 
Kulash emphasized that the con^Jleteness of coverage of the 
slurry method could lessen the possibility of insect invasion 
but, nevertheless, the method should be considered preventive 
instead of eliminative. 
McDougall (1951) reported that in Queensland, Australia, 
there is a law requiring the treatment of seeds with BHC before 
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certification. The dosage for corn and "French beans" ^vas 
given as 3 ounces of 1 per cent gamma BHC per bushel applied 
as a dust. Such a practice was considered necessary to protect 
stored grain from insect pests, chiefly the rice weevil and 
bruchids. DDT dust of 2 per cent p,p' isomer could be substi­
tuted on non-certified seed but its action was known to be 
slower than that of BHC, and the protection from weevils was 
not complete. The low dosages of insecticides sufficient for 
control of stored grain pests were not detrimental to the seeds# 
Cereal seeds have been reported to germinate normally after 
being treated with 2 ounces per bushel of 20-30 per cent gamma 
isomer of BHC and held in storage for a year (Jameson et al., 
1951). 
Applying chemicals to seed and having these translocated 
to the above-ground portions of the plant was considered long 
ago as a possible means of control of foliage-feeding insects* 
Jenkins (1928) concluded that seed applications of either 
paraffin or turpentine achieved an appreciable degree of con­
trol of turnip flea beetles feeding on turnip seedling leaves. 
The paraffin preparation was apparently a liquid at ordinary 
temperatures. Real systemic insecticides were unknown until 
the release of the relatively new organic phosphate compounds# 
Seed treatment with systemic insecticides has been used 
in several instances. Tsi (1950) soaked bean seed in a 0.5 
per cent solution of bis (bis-dimetfcorlamino phosphorous) 
anhydride (OMPA) and obtained plant protection for 50 days 
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from apiaids and red spider mites. A 2 per cent solution caused 
plant injury. Bronson and Dudley (1951) used tiie same systeiaic 
on pea seed and attained protection against the pea aphid. 
Macrosiphum pisi (Harris), for a similar length of time. Iry 
et al. (1950) reported that seed applications of OMPA at 0.2 
to 0.05 pounds per acre were as effective against mites and 
aphids on cotton as soil applications of 4 to 8 pounds per acre. 
Another systeinic, Systox, has also been found to be appli­
cable as a seed treatment and to give control of aphids on peas 
from planting time to harvest (Ashdown and Cordner, 1952). 
Parathion dust and Systox in^iregnated on carbon have shown 
promise when used to coat rice for reducing white tip, a dis­
ease incited by a seed-born nematode Aphelenchoides oirzae 
Yokoo (Cralley and French, 1952). Renlund (1952) fotind that 
applying Systox to seed corn produced plants toxic to the corn 
leaf aphid. Aphis maidis Fitch, but not to the European corn 
borer, Pyrausta nubilalis (Hbn.)• 
In 1945 Morrison et reported satisfactory control of 
Scutigerella immaculata (Newp.), the garden centipede, when 
DDT was used at the rate of 4 ounces of 3 per cent dust to 5 
ounces of snap bean seeds. There was no apparent plant injury 
but germination was delayed approximately 2 days» However 
Fleming and Hawley (1950) concluded that centipedes were not 
affected by 25 pounds of actual DDT per acre applied as a dust 
to the soil surface. Soil applications of chemicals such as 
parathion and lindane have been found to be effective against 
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the garden centipede in the greenhouse (Hamilton, 1949; 
]^eiswaiider« 1951} • 
Seed treatment of wheat to combat false wireworas, Eleodes 
spp., was tried at least 30 years ago but to no avail (VMde 
and St. George, 1923). Uew chemicals are now used for this 
purpose (iranklin, 1952). By using BHC seed treatment on 
corn and sorghums Bryson (1950) obtained a high mortality of 
the adults v/hich are reported to feed on damaged kernels in 
the soil. DDT and chlordane were also toxic to these tenebri-
onids* 
Eden and Arant (1953) reported that seed treatment showed 
promise against the southern corn rootwom, Diabrotica 
undecimpunc tat a howardi Barb., an insect usually not thought 
controllable by this method. These investigators stated that 
a treatment of 2.5 ounces of 40 per cent lindane per bushel of 
seed corn increased the yield by 10 bushels per acre over that 
of the untreated control. Even more effective control was 
obtained by a soil application of an insecticide-fertilizer 
mixture. 
G-regarious birds such as pheasants are often blamed for 
damage to planted corn in the spring. Both researchers and 
farmers are convinced that lindane on the seed will discourage 
birds from injuring the stand (Lilly, 1961). To evaluate 
lindane as a pheasant repellent Rudd and Genelly (1954) offered 
lindane treated scratch grain to caged birds in measured amounts. 
They found that pheasants showed an antipathy for the treated 
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food after exhibiting abnormal symptoms. However poisoned 
birds regained lost weight and recovered almost cong^letely 
after being fed untreated feed for three weeks. This exper­
iment was not tried under field conditions and presumably not 
with germinating seeds. 
Seed Treatment with Antibiotics 
Since the start of the "antibiotic era" the so-called 
wonder drugs have been constantly explored for new ussss In 
most cases where plants have received antibiotic treatments 
there have been abnormalities such as the inhibition of normal 
mitosis and the destruction of chloroplasts (Provasoli _et al. j 
1948). However Hickell (1952, 1953) viewed the earlier works 
relating to effects on plant growth as unreliable because of 
the use of impure preparations. By using purified preparations 
and considerably reduced dosages he became convinced that, in­
stead of exhibiting inhibitory resiilts on higher plants, anti­
biotic applications resulted in stimulatory effects. Because 
of the high cost of antibiotics Nickell (1953) considered seed 
treatment as a logical application procedure. In a very pre­
liminary greenhouse experiment sweet corn seed treated with 
^Iterramycin reportedly produced more and larger seedlings than 
did untreated seed. This ea^eriment had no replication and 
was not subjected to statistical analysis. 
In addition to the possibilities of using antibiotics on 
seeds for stimulating germination and early growth, insect 
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control jaas been considered by means of seed treatmento 
Musgrave and Miller (1951) soaked wiieat grain in Terraraycin 
hydrochloride and then offered the treated seed to two species 
of weevils. One species, the rice weevil, has been reported 
to have syjabiotic laicro-organisms housed in gut mycetomes. 
The other species, the granary weevil, has the inycetoines but 
no intestinal flora. In this test the rice weevil was dis­
turbed metabolically by the addition of Tsrramycin, while the 
granary weevil increased as well on the antibiotic-treated 
grain as on the control. The seed-corn maggot has been demon­
strated to harbor bacteria which are beneficial to the larvae 
by digesting plant tissues and thus making them more avsalable 
as food for the insect. However these organisms are not found 
in special structures, and apparently the larvae can grow nor­
mally on food substances that have been sterilized after partial 
decomposition by bacteria (Leach, 1931). Ho report relating 
to the influence of sintibiotics on the bacterial popxilation 
of the seed-corn maggot is available. 
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MATERIALS 
Seeds 
In all large field experiments the hybrid seed corn used 
was purciiased by tJae farmer. Tiie corn used in greenhouse 
investigations and in hand-planted field plots was supplied 
by the Pioneer Hybrid Seed Corn Company of Johnston, Iowa. 
In earlier tests Pioneer iiybrid 379 was included because of 
its apparent sensitivity to insecticide injury. This hybrid 
was unavailable for later experiments so Pioneer Hybrid 349, 
also presumed to be somewhat susceptible to insecticides, was 
substitutedB Pioneer Hybrid 339 was included in some trials 
because of its relative resistance to chemical injury. 
Soybean seed was furnished by Dr. C. R. Weber of the 
Department of Agronomy, Iowa State College. Pour varieties 
included in the tests—Blackhawk, Hawkeye, Adams, and Lincoln, 
listed in the order of their relative ripening dates—made up 
over 85 per cent of the commercial acreage grown in Iowa dur-
ijag 1952. Clark, a recently released and still later maturing 
variety, was also used. Both the soybeans and the corn were 
cleaned and processed with standard mechanical equipment, but 
only uncracked seeds were used in the e^eriments. 
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Chexoicals 
Most insecticides were coimaercial forinulations but some­
times a diluent, pyrophyllite, was added to give a standard 
bulk of added material. Several insecticides were included 
in the tests, either as wettable powders or as emulsiable con­
centrates# Some of these were released by the originators as 
experimental materials but have subsequently been discontinued 
because of little promise as con^setitive insecticides# Lindane 
was included in all treatment series as a standard of comparison. 
The eaperimental fimgicides used were thiram and captan. 
The thirata was the commercial preparation Arasan SF in the 
first series of corn treatments and Arasan SF-X thereafter. 
Some commercial seed treatment preparations had one or the 
other of the fungicides already mixed v/ith the insecticide. 
In most cases, however, the fungicide and insecticide were in­
corporated during the mixing procedure at the time of treatment. 
An adhering substance, commonly called a sticker, was 
employed with wettable powder formulations in the modified 
slixrry method of treatment* Methyl cellulose dissolved in 
water to give a 2t per cent solution by weight was used for 
this purpose in most tests. However in some propietary prod­
ucts the methyl cellialose had been premixed with the diluent 
so that water had to be added. Also acetone was used as a 
solvent for the chemicals in one series of treatments. It 
had been found by Swift (1952) to have certain advantages over 
other solvents for this purpose. 
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Purified antibiotics in water-soluble form were included 
in one test. These antibiotics were Terramycin iiydrochloride 
and streptomycin sulfate obtained from the Charles Pfizer and 
Company, iiew York, New York. Also d-glucose was used to a 
limited extent as a treatment on seed corn® 
Insects 
Two types of soil insects were used in laboratory testso 
These included two species of wireworms, Melanotus communis 
Gyll. and Agriotes mancus (Say) and three seed-attacking beetles, 
Agonoderus lecontei Chaud, A. pallipes Pabo, and Cllvina 
impressifrons Leconte. The wireworms were collected from bait-
traps placed about 4 inches below the soil surface. DecoB?)os-
ing corn that had been autoclaved to prevent germination or a 
mixture of equal parts of yellow corn meal and wheat graham 
flour were found to be the most suitable attractants. Traps 
were dxig 2 to 4 weeks after being put out and the larvae were 
removed from the bait and surrounding soil. Wireworms were 
brought back to the insectary and stored in a cool place until 
they were needed in e:Q)eriment3. Overcrowding was avoided in 
storage, and the two species were separated because M. commtinis 
was predacious on the A. mancus. Food such as corn had to be 
added to prevent cannibalism if the larvae were to be kept for 
several weeks. 
The seed-attacking beetles were captured in a light trap 
equipped with fluorescent bulbs but not using a killing device. 
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Beetles were removed from the light trap each morning and 
placed in wide-mouth Mason jars partly filled with moist soil. 
Only about one-half of the soil surface was watered so as to 
prevent excessive moisture in the containers. 
Attempts at rearing the seed-corn maggoty Hylemya 
cilicrura (Rond«), for laboratory esroeriments were unsuccessful. 
Numerous female flies captured and caged but good ovi-
position could not be induced, even though several techniques 
which had reportedly been successful for other workers were 
tried. 
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METHODS 
Seed Treating Procedures 
Greenhouse and hand-planted field e^oaeriments 
For greenhouse work and hand«>planted fxeld plots involving 
small amounts of seed the mixing was done in the laboratory. 
In all cases the dosages of insecticides and fungicides were 
calculated on the basis of ounces of actual ingredients per 
bushel of seed. A 2^ per cent methyl cellulose solution was 
used in modified slurry applications of dry formulations. 
Usually 5 milliliters of this sticker were adequate for 1 pound 
of corn seed. Only 2k milliliters were used per poiind of soy­
beans because excess moisture on these was found to cause 
wrinkling of the integument. Whenever emulslfiable concentrates 
were tested they were diluted with equal parts of tap water to 
give better coverage of the seed. In one series of treatments 
with corn 10.7 milliliters of acetone per pound of seed was 
used as a solvent for recrystallized lindane. 
The mixing and storage containers for both corn and soy­
beans were either quart- or pint-size Mason fruit jars which 
satisfactorily held 1 pound or ^  pound of seed, respectively. 
Mixing was done partly by hand and partly on a motor-driven 
laboratory mixer (Figure 1) which was geared to turn 56 revolu­
tions per minute. 
Figure 1. Laboratory Equipment used for seed treatment experiments. 
Clockwise: Soybean counting board, electric mixer with 
quart jars containing seed, paddle used for smoothing 
sand in flats, and board used for making planting 
trenches in greenhouse flats. 
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A-i 'v 
In the modified slurry method used on corn in Series I, 
tne methyl celltilose solution was added in two equal portions 
with a 30 second, hand-mixing period following each addition. 
After rotation on the rotary mixer for 2 minutes the dry in­
gredients were added in three portions with 30 seconds of 
hand mixing after each addition. Jars were then placed on 
the rotary mixer for 3 additional minutes to complete the 
process. Solvent treatments were mixed for an equal length 
of time by hand and by the electric mixer. 
Por all other treatments of both corn and soybeans the 
total mixing time was 5 minutes. This allowed hand shaid.ng 
for 30 seconds to distribute the sticker, if one had been used, 
before the dry ingredients were added. The insecticide was 
added in two portions and the jars were shaken by hand for 30 
seconds after each addition. Finally the jars were rotated on 
the laboratory mixer for 2^ minutes. ITntreated controls, 
fvingicide-treated controls, emulsion treatments, and dry treat­
ments were processed with equal amounts of time alloted to hand 
and machine mixing. When a fungicide was to be combined with 
an insecticide these were thoroughly mixed in a shell vial 
before applying to the seed. 
After the mixing was congjleted all jars were left uncovered 
overnight to permit the dissipation of excess moisture and 
volatile materials. Emulsion treatments were spread out on 
wax paper and dried overnight to lessen the possibility of 
solvent injury to the seed. Unless otherwise stated the 
treated seed 'was stored in the laixing jars at room tea^ierature 
until planting•• 
Field scale experiments 
The method of treating seed depended on the size and 
nature of the particular experiment being xindertaken. Treating 
methods for large field trials involving cooperation \?ith 
farmers were made as coiamercially practical as possible* 
Three large-scale field tests with field corn seed treat­
ment will be reported in this dissertation# These varied 
somewhat in the method of treating* The mixing containers at 
both Centerville and Gresco, Iowa, were 10-gallon milk cans 
in which ^  bushel of corn seed could be treated satisfactorily 
at one time. At both places 2/3 cup of methyl cellxilose was 
added as a sticker in each mixing before the insecticide was 
sifted over the grain# The can was rolled on the ground until 
the insecticide and its carrier were quite evenly distributed 
over the seed. 
In a thiiKi test at Blairsburg, Iowa, a concrete mixer was 
employed. Corn was treated in bushel portions with methyl 
cellulose again used as a sticker for the dry ingredients. 
Also approximately 1 teaspoonful of powdered graphite was in­
cluded in each mix to in5)rove seed flowability during planting. 
In all three experiments the corn had been treated with a 
fungicide prior to delivery to the farmer. 
In an experiment with soybeans the seed was measured in 
1-bushel lots and placed in a power-driven concrete, mixer. 
WMle the mixer was rotating, 2/3 cup oi 2§ per cent methyl 
cellulose solution was poured over the seed to serve as an 
adhesive for the insecticide. Hext the recoimnended amount of 
Rhizobitua leguminosarum inoculant was sprinkled over the seed 
before the dry formrolation of insecticide, sometimes in com­
bination with fungicide, was added# The desired amount of 
insecticide had previously been weighed out in the laboratory 
and placed in a coin envelope for convenient use in the field* 
The total mixing time was 5 minutes at about 40 revolutions 
per minute. The untreated control was processed in the same 
way except for the omission of the insecticide. 
G-reenhouse E35)eriments 
Germination tests were performed in the greenhouse during 
the winter and spring months. In this way it was possible to 
obtain indications of the performance of various insecticide 
seed treatments before more laborious field tests were under­
taken. Growing conditions such as temperature and light 
varied somewhat from one test to another, but the conditions 
were always fairly constant within a given experiment. An 
attearot was made to keep the temperature near 78°F. while a 
test was under way. Air was circulated under and around the 
greenhouse benches by means of electric fans. When tests were 
continued during the warmer months they were moved to the 
screenhouse. 
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Yvashed river sand was used as the growing medium except 
where otherwise stated. It was used in either wood or metal 
flats measuring approximately 3t 14 by 20 inches. Five 
rows were usually planted at random in each flat. The furrows 
were 1# inches deep and were made with the planting board shown 
in Figure 1. The number of seeds per row varied between tests, 
but usually more soybeans than corn kernels were planted per 
row. The seed was covered as evenly as possible to facilitate 
accurate estimates of daily seedling emergence. Corn seedlings 
were considered emerged when the coleoptile could be seen above 
the sand. With soybeans the flats were sprinkled with water 
to e^ose emerging seedlings. A soybean seedling was counted 
if any part of the cotyledon could be seen after wetting. 
Mean emergence was calculated for both corn and soybeans 
by the method proposed by- Leach and Smith (1945). Emergence 
readings were started on the day the first plants appeared, 
and continued until the tenth day after planting. The number 
of plants emerging each day was multiplied by the number of 
days since planting. The sum of these products was then divided 
by the total emergence to give the mean emergence period for 
each entry. 
On the tenth day after the seeds were planted the seedlings 
in each row were removed from the flats, washed, and weighed. 
Sand as the growing medium had the practical advantage of being 
easily removed from the roots, and it also lacked organic 
matter which apparently moderates the chemical action of some 
insecticides. Also phytotoxicity is often more pronounced 
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with sand than with soil as the gerniination mediiime 
The average green weight per seedling was obtained by 
dividing the total green weight by the number of emerged plants 
in each row.. In addition the lengths of the primary roots were 
measured on corn*. This is useful for e:^ressing insecticide 
injury to seedlings.. It also has a practical implication be­
cause seedlings with cluiied primary roots also have sparse root 
hairs. Thus the water absorbing ability of such a seedling is 
impaired unless the abnormality is outgrown. When primary roots 
could not be measured the same day the plants were removed and 
weighed, the seedlings were held over in a refrigerator imtil 
the next day.. 
Except in cases where treatments v/ere highly injurious 
to soybeans, root measurements did not reveal noticeable dif­
ferences. For this reason root measurements were usually not 
taken in tests with this crop. Mean emergence and average 
green weights were found to be satisfactory measurements of 
treatment effects on soybeans. 
Corn series 1 
This series of 20 treatments described in Table 1 was 
designed to compare several insecticides as wettable powders 
and emulsifiable concentrates where both types of formulations 
were available for use. Some of the insecticides were still 
in the experimental stage and had not been tested previously 
as seed treating compounds.. Four kinds of insecticides were 
represented: chlorinated hydrocarbons, dinitro compounds. 
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Table 1, Series I of insecticide seed treatsients on Pioneer I^larid 
379 com-19^2. 
lilaterial and dosage per potmd of seed» 
1. Control (c^tan and SBthyl celltilose only) 
2» Ortho HL-609, isettable (3036 mg, of 25a lindane and 75^ captan) 
3» Ortho Seed Guard (8.ii50 ml. of 2.7^ lindane) 
I4. Lindane, ejanlsifiable concentrate (3»81i ml. of 1,65 Ibs./gal. active) 
5. Tsettable (759 nig. of 75^ gamma iscmer - other isomer) 
6. BHC, emulsifiable concentrate (6,3h lal. of 1 Ib./gal. gamma isomer 
7. Heptachlor, Tsettable (3036 mg. of 25^ active) 
8. Heptachlor, eiaulsifiable concentrate (3.17 ml. of 2 Ibs./gal. active) 
9m Aldrin, wettable (28.it8 mg. of 20^ active) 
lOo Aldrin, ennilsifiable concentrate (32.86 mg." of 23.1^ active) 
H. Dieldrin, emnlsifiable concentrate (ii.75 ejI. of 1.5 lbs/gal. active) 
12. DuPont EPN-300, emulsifiable concentrate (l5l8 mg. of 50^ active) 
13. DuPont HPD, "Hettable (2278 mg. of 25^ active) 
lii. Malathion, "wettable (2278 mg. of 25^ active) 
15. Dofw CE-ii8, isettable (1139 nig, of 50^ active) 
16, Dour CE-28, Tsettable (lii2Ji mg. of active) 
17. Dow CE-30, TOttable (28U8 mg. of 20^ active) 
18, Dow M-IU, wettable (28i;8 mg, of 20p active) 
19o Phenothiazine, wettable (570 mg, of 100$ active) 
20, Parathion, wettable (1139 mg, of ^ 0% active) 
21, Isodrin, wettable (2278 mg. of 25$ active) 
*Jfethyi cellTilose was applied at the rate of 5 nO.. of a 2^$ solution 
per pound of seed and captan was used at 567 mg. of 50$ wettable 
powder per pound of seed on all treatments, except Ortho EL-609 
and Ortho Seed Guard t^ch contained both ingredients. 
•3s*The gamma isomer fonaed 11$ of the total ingredients, while other 
isomers of BHC made up 16,5$» 
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organic phosphates, and a sulfuo?-containing compound. Five 
of the treatments contained garama isomer of BHC as the active 
ingredient. Cap tan was used throughout the series as a fungi­
cide, except in a Mergamma treatment which contained phenyl 
mercury urea in combination with BHC. Whenever a fungicide 
was not present in the formulation, captan was used at the 
rate of 1.12 ounces of 50 per cent active per bushel of seed. 
Ortho HL-609 and Seed Guard were lindane formulations which 
contained captan mixed with the insecticide. Both had the 
fungicide at twice the concentration of the insecticide. 
Methyl cellulose seized as the sticking agent for all dry 
insecticides and the fungicides. The Ortho HL-609 and Seed 
Guard had the sticker commercially blended in the formulation 
so that it did not have to be added. The emulsifiable concent­
rates were diluted with equal parts of tap water before being 
applied to the seed. All treated seeds were spread out on wax 
paper and allowed to dry overnight to lessen the possibility 
of solvent injury where emulsions had been employed. Mixing 
was carried out by the procedure already described, and was 
started on May 8, 1952. 
Germination tests were started in the greenhouse on May 12, 
1952. Crowded greenhouse conditions permitted only two repli­
cates. After this test the treated seed was kept at room 
temperature for approximately 20 months in tightly closed but 
ujisealed fruit Jars. In January of 1954 the same seed lots 
were again tested to obtain information on the effects of these 
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insecticides on seed viability during storage. This latter 
test was an official geriaination test carried out by the Iowa 
State College Seed Testing Laboratory. Four replications of 
100 seeds each were planted in washed sand in greenhouse benches® 
Corn series II 
A series of lindane seed treatments was applied to Pioneer 
Hybrid 349 on March 17, 1953. The object was to compare the 
modified slur3?y and dry methods of application at different 
levels of lindane, both with and without captan as a fungicide. 
It was hoped that any effects of lindane in any of the combina­
tions would be detected by the design employed. Seedling stimu­
lation by low dosages of lindane in combination with a fungicide 
had been suspected but not shown experimentally. 
A dosage of 3/4 ounce of actual fungicide per bushel of 
seed was employed in this series. For all treatments the total 
bulk of added material placed on the seed was kept constant at 
21/3 ounces of dry material per bushel by adding an inert 
pyrophyllite base processed especially for seed treatment.' The 
levels of lindane used were 1, l/2, l/4 (the recommended dosage), 
1/3, and I/I6 ounce of purified gamma isomer per bushel of seed. 
Five milliliters of methyl cellulose were used on a pound of 
seed in the modified slurry treatments. Dry and slurry treat­
ments were mixed for the same length of time and by the same 
method, except for the omission of liquid in the dry applications. 
This series of 24 treatments is described in Table 2. It 
was planted in the greenhouse on March 17 and 25 respectively* 
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Table 2, Series II of insecticide seed treatments on Pioneer 
Hybrid 379 cornr-1953« 
Treatment per 
bu. seed Dosage per lb. of seed 
Lindane Cc^jtan Lindane Captan Diluent* 
No. Coig.) (oz») (gig>) (mg.) (mg.) 
Dry treatments^Hfr 
1. None None None None 1181.3 
2. 1 It 675.0 of 7S% active It 506.3 
3. 1 2 n 337.5 It n N 8h3.8 
h» I n 168.8 n n K 1012.5 
1/B n 379.8 of 16,6% » n 801.5 
6. 1/16 n 189.9 n tt It 991.ii 
7. None 3/k Hone 5o6,3 of 75^ active 675.0 
8. 1 n 675.0 of 75% active n It n None 
9. 1 2 n 337.5 « « n n n 337.5 
10. 1 4 n 168.8 It It n n R ii06.2 
11. V8 n 379.8 of 16,6% « 11 R n 295.2 
12. 1/16 ti 189.9 n It n R a I485.I 
jdified slurry treatments 
13. Kone Hone Hone None 1181.3 
lit. 1 n 675.0 of 7S% active It 506.3 
15. 1 3 R 337.5 tt n n 8ii3.8 
16. I 4 H 168.8 ti n n 1012.5 
17. 1/8 R 379.8 of 16,6% " n 801.5 
18. 1/16 n 189.9 n n It 991.it 
19. None 3/U None 506.3 of 75$ active 675.0 
20. 1 n 675.0 of 7$% active It R n None 
21. X 2 n 337.5 It R n n II 337.5 
22. X 
"4 
R 168.8 It It It R R lj06.2 
23. 1/8 n 379.8 of 16.6^  n n n R 295.2 
2lu 1/16 It 189.9 n n If R R ii85.1 
•sTfce diiiient was a comnBrcial formulation of pyropl^Uite in Tshich 
methyl cellulose had been incoz^rated. 
•3f*Dry treatments were made -raithout the addition of liquid, while the 
slurry treatments had 5 milliliters of tap -Hrater added to each 
pound of seed before mixing. 
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Four replications v;ere used, in each planting, with ten kernels 
planted in each row or replicate. Daily emergence was taken 
from the fifth to the ninth day, inclusive. On the tenth day 
after planting the seedlings were removed from the sand and 
weighed before the lengths of the primary roots were determined. 
Later these same seed lots were also tested in hand-planted 
field experiments. 
These treated seed lots were stored at room temperature 
in the mixing containers. On June 15, 1954, after nearly 14 
months of storage, these samples were again germinated in sand. 
Again ten seeds were planted in each row in the flats, and five 
replications were used in a single planting. The same measure­
ments were taken as before, with the hope that a direct compari­
son could be made with the original germination. However the 
temperature during the last test varied more than in the pre­
vious experiments. B'or this reason critical co2?)arisons can 
be made only within the individual tests.• 
Corn series III 
This was an experiment to deteiroine whether or not corn 
seedlings outgrew lindane injury incurred at the time of ger­
mination. If seedlings outgrew this injury it was hoped that 
the required time for this could be roughly determined by com­
paring plants from treated seed with those from untreated seed. 
A number of earthen pots was filled with soil for this 
experiment. An equal nixmber of pots was planted with untreated 
seed and with seed coated with 2 ounces of actual lindane per 
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buaiiel on May 15, 1954. After the plants emerged they were 
thinned to five in each container. On the sixth day ai'ter 
planting, and every third day thereafter, the seedlings from 
five pots of each treatment were removed, washed, and weighed 
before the primary roots were measixred. The test was discon­
tinued after the eighteenth day because roots were becoming 
badly entangled in the pots. 
Corn series IV 
Hopkins (1951) concluded that d-glucose or dextrose was 
the most efficient of 22 experimental compounds as an antagonist 
of gamma BHC, although high concentrations of the insecticide 
were found to quickly disorganize the biological system through 
which the protection operated. His tests were with squash and 
safflower seeds transplanted on to Kinpack paper treated with 
solutions of various test materials. The series discussed in 
this dissertation was an exploratory test with the chemicals 
coated on corn seed and the seed planted in sand. 
For this test ^ pound lots of Pioneer 349-LP corn were 
treated on February 25, 1954. A wettable lindane formulation 
was used for the insecticide treatments. The lindane and/or 
d-glucose was placed in a test tube containing 2 milliliters 
of distilled water. The test tube was shaken before the contents 
were poured over the seed. An additional milliliter of water 
was used to wash out the test tube and it too was poured over 
the seed. After the excess moisture had dissipated the treated 
seed was planted in sand in the greenhouse. 
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Table 3* Series I? of insecticide and sugar seed treatments on 
Pioneer Hybrid 3h9 com-195ii. 
No, 
Treaisaent 
Material 
Test 1 dosages Test 2 dosages 
Per bTosiiel Per pomd 
(oz.) (mg.) 
per busbel Per ^  poroad 
(oz.) (mg.) 
1. Dextrose Hone None None None 
T,-?ndat>o Hois None None Nors 
2. Dextrose 1.12$ 285 3.375 855 
Lindane Hoi« None None None 
Dextrose 2.250 p/u 6.750 1710 
Lindane None None None None 
lu Dextrose 3.375 855 9.125 2565 
Lindane Hone None None None 
5. Dextrose None None None None 
Lindane 1.125 380 1.125 380 
6. Dextrose 1.125 285 3.375 855 
Lindane 1.125 380 1.125 380 
7. Dextrose 2.250 570 6.750 1710 
lindane 1.125 380 1.125 380 
8. Dextrose 3.375 855 9.125 2565 
Lindane 1.125 380 1.125 380 
9. Dextrose None None None None 
, ^ 2.250 760 2.250 760 
•
 
o
 
H
 Dextrose 1.125 285 3.375 855 
Lindai^  2.250 760 2.250 760 
11. Dextrose 2.250 570 6.750 1710 
Lindane 2.250 760 2.250 760 
12. Dextrose 3.375 855 9.125 2565 
Lindane 2.250 760 2.250 760 
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The sand used in these tests was autoclaved for 4 hours 
for the purpose of destroying the microorganisms that luight 
intervene by decoogjosing the glucose. The sand was thoroughly 
wet before the seeds were planted. IJo further water was added 
until the fifth day after planting so as to prevent leeching 
of the sugar before it had an opportunity to express its 
influence. 
Two trials were performed with sugar in combination with 
lindane. There were five replications in a randomized coa^lete 
block design in each. The second trial eitroloyed dextrose at 
higher levels than in the first trial. Each trial had the 
sugar in various combinations with the commercially recommended 
dosage of lindane (1.125 ounces of 25 per cent active material 
per bushel), and double the recommended dosage. The first 
trial was planted on February 25, 1954, and the second on 
March 11, 1954. The treatments for both trials are described 
in Table 3. 
Corn series V 
Antibiotics have recently been tried as seed treatments 
on corn (Kickell, 1952). The possibility of using an antibiotic 
in combination with an insecticide seed treatment was of 
interest. This test was intended to determine optimum levels 
of two antibiotics, Terramycin and streptomycin, before trying 
one of them in combination with insecticides. 
Pioneer Hybrid 349 was used for this experiment and the 
treatments were applied on April 7, 1954. Serial dilutions of 
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the water soluble forms of the purified chemicals were made. 
The seed was soaked for 5 minutes in the desired concentrations, 
after which it was removed and dried overnight on wax paper. 
Plantings in the greenhouse were made on April 8, 1954, 
in a randomized complete block design with five replications. 
A mixture of equal parts of sand and peat soil was used as the 
gerxnination medium. These treatments are described in Table 17. 
Soybean series I 
Blackhawk soybeans from a sample grown in 1950 were treated 
on June 19, 1952, in 1-pound lots. Twelve treatments were used. 
Several different insecticides were tried as wettable powder 
formulations. Methyl cellulose had proven a satisfactory 
sticker for treating seed corn and it was also used on soybeans. 
Dosages for all treatments were equivalent to 1 l/8 ounces of 
100 per cent toxicant per bushel of seed. 
On March 24, 1953, after approximately 9 months of storage 
at room temperature, these soybean samples were planted in the 
greenhouse in flats filled with washed sand. Ten iHidamaged 
seeds were planted in each row and there were four replications 
in a randomized complete block design. Daily emergence counts 
were continued until the tenth day after planting, when the 
seedlings were removed from the sand, weighed, and root meas­
urements taken. Table 4 describes the treatments employed in 
this esqseriment. 
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Table ii» Series I of insecticide seed treatments on Blackhawk 
sojbean-19^ 2. 
Ho« Treatiaents and dosages^ 
1. Control 
2, Isotox (2126 mg. 2$% lindane) 
3« Osrbho HL-609 (2126 mg® 2$% lindane and SQ$> captan) 
iu Benzahex (709 mg. 1$% gajama isomer of BHC) 
5e Heptachlor (2126 mg, 2$% actiTO ingredient) 
6, Aldrin equivalent (2658 mg. 20^ actiire ingredient) 
7. Dieldrin (2126 mg, 2$% active ingredient) 
8, DuPont EHI (2126 mg, 2"% active ingredient) 
9. JIPD (2126 mg. 2^ % active ingredient) 
10. Malathion (2126 mg. 2^ % active ingredient) 
11. Ifetacide (1063 mg. 50^  active ingredient) 
12. Dow nj-m (2658 mg, 50^  active ingredient) 
*A11 materials isere -aettable poisder formulations. All insecticides 
•were applied at the rate of oimces of 25$ equivalent material 
per bushel of seed. In all cases, 2| milliliters of a 2§^  solution 
of methyl cellulose isare u^ d per pound of seed. 
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Soybean series II 
Tjae object of tMs series was to deterinine vfiietner or not 
one of the five standard varieties of soybeans was more sen­
sitive to insecticide injury than the others# An excessive 
dosage of 4 ounces of 75 per cent gamma isomer of BHC per 
bushel was slurried onto a sa2Ji)le of each variety on f ebruary 
17, 1954, An untreated control lot of each variety was retained,. 
To make the test more severe a seed sample that was about 17 
months old was used, and an additional 4 months was allowed 
to lapse before planting.- There were four replications with 
15 seeds planted in each row. Daily emergence, final emergence, 
and average green weights were used to check the results. 
Soybean series III 
During the germination of the first soybean series in the 
greenhouse the Ortho HL-609 treatment, a proprietary combination 
of one part lindane with two parts captan, resulted in the in­
tegument adhering to the cotyledons after the treated seed had 
been stored at room temperature for 9 months. Series III was 
intended to explore this phenomenon fiirther to determine if 
captan was capable of causing the abnormality when used alone, 
or if it had to be in combination with lindane* 
A sample of Blackhawk seed was used which had been harvested 
approximately 15 months before being treated on January 2, 1954. 
The plan was to run germination tests in sand at about 6 month 
intervals after treatment iintil injury appeared, and then to 
freshly treat soybeans of the same seed lot for comparison with 
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the stored lots during the next test. In this way evidence 
should be obtained to determine whether treatment followed by-
prolonged storage gave this response, or whether it was simply 
a reaction accompanying lowered viability due to age. 
Lindane at the rate of 4^ ounces of 25 per cent active 
per bushel was used both alone and in combination with captan. 
Untreated and captan-treated lots were used as controls. The 
dosage of captan was 4^ ounces of 50 per cent material, which 
is the same ratio with lindane that is used in Ortho BL-609a 
Methyl cellulose was used with all treatments including a 
control. Storage of the treated seed was at room temperature 
in glass fniit jars. The seed intended for later treatment was 
also stored at room temperature. 
Hand-pianted Field Experiments 
Hand-planted field tests with dent corn and soybeans were 
set up at several locations to obtain information on the in­
fluence of certain insecticidal seed treatments on germinating 
seed linder field conditions. In the corn plots phytophagous 
soil insects were never present in conspicuously damaging 
numbers, so that differences in stand could be largely attri­
buted to the direct action of the seed treatment. In all these 
tests the desired number of seeds for each plot were counted 
in the laboratory and placed in a coin envelope. These packets 
of counted seeds were then randomized, assigned row numbers 
and consecutively numbered before being taken to the field. 
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In tJae insectary garden at Ames, treatments were planted 
in one-row plots 13 feet long. The seeds were quite evenly 
spaced by hand in a trench made with a garden wheel-hoe, and 
covered with approximately 3 inches of soil firmly tamped 
down. Stand counts were taken after enough time had elapsed 
to allow the emergence of seedlings that would normally con­
tribute to a stand under field conditions. Such stand counts 
were simply an enumeration of seedlings visible to the observer 
while walking slowly along the rows. Usually the rows were 
spaced 2 feet or less apart at Ames, and crowded growing con­
ditions prevented the use of yields as criteria of treatment 
effects. 
At Ankeny, Kanawha, and Conrad each experimental unit 
consisted of a two-by-five hill plot. A randomized complete 
block design was used throughout. Four apparently undamaged 
kernels of corn were planted in each hill with a hand planter. 
Hills were spaced 40 inches apart in both directions, and one 
or two border rows were planted aroiuid the test blocks. Iformal 
cross-cultivation practices were followed during the growing 
season. Stand coxints were taken early in the growing season, 
and at this time missing hills were replanted with a purple 
variety of corn in 02?der to maintain plant competition through­
out the e^Qjeriment. 
After maturation the corn in each plot was hand-harvested 
and weighed. The number of h£U?vested ears was recorded, and 
ten ears were taken at random from each lot for moisture 
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determinations. Two rows of kernels were shelled from each of 
these ears "with a screw driver, and the sample was thoroughly 
mixed before a one-pint suhsample was placed in an airtight 
container. The corn was allowed to stand overnight at room 
temperature "before moisture determinations were made electrolyt-
ically on a Tag-Heppenstall meter in the laboratory® 
The moisture deteimLnations from all replications of a 
given treatment were averaged and this figure was used to 
obtain the pounds of ear corn necessary to yield 1 bushel of 
shelled corn containing 15.5 per cent moisture by the use of 
a table prepared by the Agronomy Department of Iowa State 
College. This calculation was based on the assuitg>tion that 
at 15.5 per cent moisture it takes 63.4 pounds of ear corn to 
yield 1 bushel of shelled corn weighing 56 pounds. Finally 
this figure was divided into the field weight, and the quo­
tient was multiplied by the quotient of the number of hills 
per acre divided by the number of hills harvested, to give the 
yield in bushels per acre of shelled corn at 15.5 per cent 
moisture. 
Soybeans were included in small experimental plots to 
obtain information on the influence of insecticides on ger­
mination and seedling growth, and also to investigate the 
potentialities of seed treatment as a method of controlling 
seed-corn maggots on this crop. In these investigations seeds 
were counted in the laboratory on an improvised counting 
board shown in J'igure 1. The procedure for packaging and 
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randomizing was the same as for corn. . Usually the seed, was 
dropped by hand in a furrow made with the garden wheel-hoe, 
and manually covered with about 2 inches of soil. The seed 
was inoculated within 4 hours prior to planting with a com­
mercial bacterial preparation if soybeans had not been grown 
in the field the previous year#. Excessive inoculant was shaken 
with the seed in the coin envelopes to assure thorough coverage. 
With soybeans stand counts were the only criteria of treat­
ment effects, except in one experiment. Mechanical equipment 
was not available for harvesting soybeans, and the growth char­
acteristics of this crop make yields unreliable under many 
conditions. Plants must be spaced about 12 inches apart to 
eliminate intraspecies competition (Weber, 1953). Seed-corn 
maggot damage was eliminated as a means of judging treatments 
because the injury attributable to this insect was often con­
founded with that due to microorganisms and other factors. 
The short duration of the larval stage eliminated maggot counts, 
because the best maggot infestations were too far from Ames 
for frequent visits. 
Corn series ^  
Several insecticides were used as seed treatments on 
Pioneer Hybrid 379 as previously explained. After preliminary 
greenhouse trials all of these treatments except the emulsifiable 
concentrate of BHC were considered safe enough to warrant testing 
tinder field conditions. Plots were available at three locations 
but none of them were believed to have important infestations 
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of destructive soil insectso These locations were Kanawha^ 
Ankeny, and Ames, and the plantings were made on May 29, 
June 4, and June 6, 1952 respectively. 
Pour replications were planted at Kanawha and Ames, and 
three replications were used at Ankeny, Fifty seeds were planted 
in each 18-foot row at Ames« The two-by-five hill plots at 
Kanawha and Ankeny were planted with four kernels per hill or 
40 seeds per plot. Stand counts were recorded on June 17 at 
Kanawha, June 18 at Ankeny, and June 23 at Ames. Yields were 
taken at Ankeny on September 29, and at Aiikeny on October 4. 
The plot at Ames was discontinued before the corn matiired be­
cause of the close spacing employed. 
Corn series II 
This lindane series on Pioneer Hybrid 349 as the test 
material was planted on June 1, 1953, in a farmer's field near 
Conrad, Iowa. All of the 40-acre field had been planted to 
corn by the farmer. Wireworms destroyed this original planting 
and soybeans were used to replant most of the field. A small 
area in one corner was set aside for this hand-planted experi­
ment with corn. With dosages of lindane increasing from l/l6 
to 1 ounce per bushel in this series there were hopes of getting 
an indication of the lowest level that would give wireworm con­
trol under field conditions. There were four replications of 
each of the 24 treatments. The number of plants in each entry 
was recorded on June 19, and yields were obtained on October 
10. 
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Corn series VI 
This series of treatments was a continuation of the 
material employed by Swift (1952) in working out his Master's 
thesis at Iowa State College. Swift carried out extensive 
greenhouse experimentation and found that the germination of 
lindane-treated seed corn was related to the dosage, the method 
of application, and the inherent characteristics of the variety 
or hybrid. His tests were with freshly treated seed and seed 
stored at room temperature for 4 weeks before planting. Swift's 
tests had been carried out entirely in the greenhouse with sand 
as the growing medivua. The present investigation was intended 
to show the performance of these treatments under field con­
ditions, and to consider not only plant populations but the 
resultant yields. Also the effects of a storage period of over 
5 months duration at each of three different temperatures were 
studied. 
This experiment was originally designed to compare the 
modified slurry method of insecticide application with a method 
eiQjloying acetone as a solvent for the insecticide. Each method 
was used with four levels of lindane, all in combination with 
either thiram or captan to give a total of 25 treatments. A 
detailed account of these treatments is given in Table 5. 
This series of 25 treatments was applied to two varieties 
of field corn. These were Pioneer Hybrid 379, which is cofl5)ara-
tively sensitive to chemical injury, and Pioneer Hybrid 339, 
which is less sensitive in this respect. The former hybrid 
64 
Table 5« Series VI of insecticide seed treatments on Pioneer Hybrids 339 
and 379 tested after storage at three different teinperatxires 
for appraximately $ iEonths-1952.---
Materials and dosage s-x-y«-
1, Control (no insecticide, fungicide, or solvent) 
2, Acetone control (10»7 ml, of acetone/lb, of seed) 
3» Acetone captan^B««-
l4^ Acetone thiram control*^?-
5« Acetone * 283.5 mg. of recrystallized lindane 
6, Acetone * 283*5 mg. of recrystallized lindane + captan 
7. Acetone + 283.5 Jng. of recrystallized lindane + tbiram 
8c Acetone * 56?.0 mg. of recrystallized lindane 
9, Acetone + 567.0 mg. of recrystallized lindane captan 
10. Acetone + 567.0 Eg. of recrystallized lindane + tbiram 
11. Acetone 113il..O mg. of recrystallized lindane 
12. Acetone * 113U.0 mg. of recrystallized lindans + c^ tan 
13. Acetone f 113ii.O mg. of recrystallized lindane + tbiram 
ik, Metbycel control (5 Jnl. of 2|^  methyl cell'jlose/lb. of seed) 
15. Ifetbycel * c^ tan control-SBHi-
16. J&tl^ reel • tbiram control**^ !^-
17. ISsthycel + 378.0 ag. of 1$% lindane 
18. Ifetbycel f 378.0 mg. of 75^  lindane + cs^ jtan 
19. Mstbycel + 378.0 mg. of 75^  lindane + tbiram 
20. ifetbycel 756.0 mg. of 75^  lindane 
21. Ifetbycel 756.0 mg. of 75^  lindane + c^ tan 
22. Ifetbycel 756.0 mg. of 7$% lindane * tbiram 
23. Ifetbycel l5l2.0 mg. of 75? lindane 
2U» Ifetbycel f l5l2,0 mg. of 75$ lindane + captan 
25. Meti^ el + l5l2.0 mg, of 7$% lindane t- tbiram 
*Tbi5 series -was tested as a continuation of work by F, C» Swift 
for his Piaster of Science Thesis at Iowa State College, Ames, 
Iowa, 1952, 
•JHtAll dosages are given in terms of the amomt -used per pound of 
seed, 
iHHt-Captan was used at the rate of 567.0 mg. of 50^ wettable powder 
per pound of seed in all treatments with this fungicide, 
-jKf-x-jc-Thiram was used at the rate of 337.0 mg. per pound of seed in 
all treatments with this fungicide. 
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was treated on December 21, 1951, and tiae later on December 6 
to 3, 1951o Soon after treating part of the seed of each lot 
was transferred to each of three friction-lid cans. One can 
o o 
was stored at 32 F, one at 45 P, and the third at room temper­
ature® These storage temperatures were maintained until just 
before the corn was planted. 
Treated lots of both corn hybrids at all three storage 
temperatures were planted in the insectary garden at Ames on 
April 26, 1952# The experimental design was a split plot. 
with the storage temperatures assigned to the whole plot and 
the varieties assigned to the sub-plots. Three replications 
were used to give a total of 450 one row plots. Fifty seeds 
were planted per row, and final stand counts were taken on 
May 24, 1952» 
In addition to the above test treated seed of both hybrids 
o 
stored at 72 F was hand-planted at Ankeny on May 3, 1954. Four 
replications of each hybrid were used here. Stand counts and 
yield records were obtained on June 17 and September 29, 
respectively. 
Pioneer Hybrid 379 from the 45'^F storage temperature was 
also planted at Kanawha on the Iowa State College experimental 
farm on May 29, 1952. Space was available for only three re­
plications in this test. Stand counts were on June 13, and 
the experiment was harvested on October 4. 
Corn series VII 
The 20 treatments of this set were identical to those used 
in Soybean series VI, and were likewise intended for an experiment 
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Table 6. Insecticides and dosages used on Pioneer Kyfcrid 3h9 corn and 
Blacldiawk soybean for seed-corn maggot control-195i;« 
. Treatments ajod dosages Amoimts of 2S% active material on» 
of actual material per Corn (g- lb. Soybeans (1 IbT 
No, busi^i of seed of seed) of seed) 
Ho ftingicide 
1, Untreated control 
2, 1/3 oz. of lindane 338 mg. 630 mg. 
3. 2/3 oz. of lindane 675 nig. 1260 mg. 
iu 1 oz. of lindane 1013 mg. 1890 mg. 
5. 1/3 oz. of heptachlor 338 mg. 630 mg. 
6. 2/3 oz. of heptachlor 675 mg. 1260 mg. 
7. 1 oz. of heptachlor 1013 mg. 1890 mg. 
8. 1/3 oz. of Diazinon 338 mg. 630 mg. 
9. 2/3 oz. of Diazinon 675 mg. 1260 mg. 
10. 1 02. of Diazinon 1013 1890 mg. 
3/h oz. of captattff* 
11. Fungicide control 
12. 1/3 oz. of lindane 338 mg. 630 mg. 
13. 2/3 oz. of lindane 675 Jag. 1260 mg. 
lii. 1 oz. of lindane 1013 mg. 1890 mg. 
15. 1/3 ozw of heptachlor 338 mg. 630 mg. 
16. 2/3 oz. of heptachlor 675 mg. 1260 mg. 
17. 1 oz. of heptachlor 1013 mg. 1890 mg. 
18^  1/3 oz. of Diazinon 338 mg. 630 mg. 
19. 2/3 oz» of Diazinon 675 mg. 1260 mg. 
20. 1 oz. of Diazinon 1013 mg. 1890 mg. 
•H-The sticker for all treatments was 2|- ml, of 2-|^ methyl cellulose 
per § pound of com and 3 lal* per pound of soybeans. 
**The dosage of 75/5 captan was 253 mg. per pound of com and ii53 W* 
per pound of soybeans. 
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testing the control of the seed-corn maggot which is a pest of 
Doth crops. Three insecticides were used at each of three levels, 
either in combination with captan or without a fungicide. The 
calculated dosages for both types of seed are given in Table 5. 
The corn was Pioneer Hybrid 349-LF and the treatments were made 
on April 18, 1954. Methyl cellulose was used as the sticking 
agent. 
This series was planted on April 24, 1954, in the insectary 
garden in a split-plot design with four replications. Each plot 
consisted of 160 seeds planted in a 20-foot row. After planting 
about i pound of presoaked fish laeal was sprinkled over the 
top of each row to attract ovipositing seed-corn maggot females. 
The fish meal was moistened daily with water from a garden hose 
except on rainy days. 
Soybean series I 
This series described in Table 4 consisted of 12 treatments. 
On June 24, 1952, soon after the seed was treated the entire 
series was planted in the insectary garden at Ames. Each plot 
consisted of 100 seeds planted in an 18-foot row, which gave 
a seed spacing of roughly 2 inches apart in the row. Space 
was available for eight replications and daily emergence was 
tried as a measurement of treatment influence in view of this 
comparatively large number. The fifth day after planting was 
considered as the date of the initial emergence. Daily counts 
were continued until the ninth day after planting. This last 
count was taken as the total emergence in this test. 
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Soybean series IV 
In a continuation of the search for suitable cjaemicals 
for use on soybeans a series of 47 treatments was made up on 
May 16, 195oo Eight insecticides were represented at various 
levels on Lincoln soybeans# Lindane was tried at 1, and 
2 ounces per bushel with either thiraai or captan as a fiingicide 
or with no fungicide. The other insecticides had 1, and 
2 ounce levels without a fungicide, plus a 1 ounce level v/ith 
captan. In addition 1 ounce dosages of emulsifiable concentrate 
forms of all the insecticides except isodrin were included. 
The set of treatments is described in detail in Table 7. 
This series was included in two field tests. They were 
situated on a college farm at Ankeny and on the Agronomy farm 
at Ames. Planting dates were May 20 and May 26, 1953, respec­
tively. At both locations 100 seeds were planted in a 20-foot 
row and there were four replications of each treatment in a 
randomized complete block design. Both plots required inocu­
lation before planting. The plant counts presented in Table 
28 were taken on June 9 at Ames and June 15 at Ankeny. 
Soybean series V 
Soybean experiments were set up on college farms at Cresco, 
Kanawha, Independence, and Clarinda in 1953. For these tests 
the same set of treatments was used on Blackhawk, Hawkeye, 
Lincoln, Adams, and Clark soybeans, with the hope of gaining 
information on protection against seed-corn maggot damage. 
All of these seed lots were pure varieties grown in 1952 by 
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Table ?• Series 17 of insecticide seed treatment on Lincoln soybean-1953* 
Actual 
dosage 
per bti. 
Ko, seed 
Insecticide* 
Formulation Amount per lb. of seed Fungicide-«» 
Controls 
1. None 
2, None 
3» None 
none 
captan 
Arasan 
Lindane 
h. 2 oz. •ssettable 3780 mg. of 25? active none 
5. 1 oz. Tset table iSyO mg» of 25^  active none 
6. 1 2 oz. •wettable 9li5 mg. of 25$ active none 
7. 2 oz. Tuettable 3780 mg. of 25^  active captan 
6. 1 oz. •sjettable 1890 mg. of 25? active captan 
9. 1 2 oz. Tuettable 9h5 nig. of 25? active captan 
10. 2 oz. •srettable 3780 mg. of 25? active Arasan 
11. 1 oz. Tuettable 1890 mg. of 25? active Arasan 
12. 2 oz. •lettable 9I45 mg. of 25^  active Arasan 
13. 1 oz. emulsifiable 1181 mg. of 20? active none 
Difildrin 
lii. 2 OZ. •nettable 3780 mg. of 25? active none 
15. 1 oz. "wettable 1890 mg. of 25? active none 
16. i 2 OZ. "wettable 9U5 ing. of 25? active none 
17. 1 oz. •svettable 1890 mg. of 25? active captan 
18. 1 oz. emulsifiable 1.31 ml. of 1,5 lbs/gal. none 
Toxaphene 
25? active 19. 2 oz. •vnettable 3780 mg. of none 
20. 1 oz. •nettable 1890 mg. of 25? active none 
21. 1 2 oz. •??ettable 9it5 mg. of 25? active none 
22. 1 oz. •nettable 1890 mg. of 25? active captan 
23. 1 oz. emulsifiable 0.33 ml. of 6 Ibs./gal, none 
*0n all treatments 3 ml. of 2§% methyl cellulose was applied to each 
pound of seed as a sticker# 
•SBf-Both fungicides "vjere equivalent to 1 ounce of actual material per 
bushel of soybeans. The amount used per poTind of seed was 630 mg. 
of 75$ active. 
60 
Table 7. (Continxed) 
Insecticides* 
Actual 
dosage 
per bu, 
Ho« seed Foimulation Amount per lb» of seed Ftmgicide»«-
Heptachlor 
2\u 2 oz 
25. 
26. 
27. 
28. 
X 
-I 
1 
oz. 
OZi 
oz. 
oz« 
"ssettable 
TOttable 
•BSttahle 
wettable 
emulsifiable 
Aldrin recrystalliaed 
29. 
30. 
31. 
32. 
33. 
2 oz. 
1 oz. 
i oz. 
1 oz. 
1 oz. 
Isodrin 
3ii, 2 oz. 
35. 1 oz, 
36. I" oz. 
37. 1 oz. 
Chlordane 
38. 
39. 
ijD. 
la. 
ii2. 
2 
1 X 
z 
1 
1 
oz. 
oz. 
oz. 
oz. 
oz. 
Diazinon 
1+3. 2 
hh. 1 
I 
h6, 1 
h7. 1 
oz. 
oz. 
oz. 
oz. 
oz* 
Tsettable 
•ssettatie 
Tsettable 
Tsettable 
emulsifiable 
Tsettable 
Tsettable 
Tsettable 
•we tt able 
tsettable 
•srettable 
Tirettable 
•lettable 
emulsifiable 
•srettable 
•we tt able 
•Het-bable 
•BBt^ bable 
emulsifiable 
3780 mg. of 25^  acti^ ve nor® 
1890 mg. of 2$^  active none 
9ii> ng. of 2$^  active none 
1890 mg. of 2$% acti^ ve cap-fcan 
0.986 ml. of 2 Ibs./gal. none 
1260 mg. of 75^  acti^ ve none 
630 mg, of 75% acti-ye none 
315 mg. of 75^  active none 
630 mg, of 75$ active captan 
1023 mg, of 23,1^  acti-ve none 
976 mg, of 96,8^  acti"ve none 
1^ 88 mg, of 96,^  acti^ ve none 
2hh mg, of 96,8$ acti-ffe none 
li88 mg, of 96,8^  actii^ B cap^ fcan 
1890 mg. of 505S acti^ ve none 
9li5 mg, of 50^  acti^ ve none 
I4.73 mg. of 50^  active none 
9U5 mg, of 50^  acti-TO captan 
315 mg. of 75? acti^ ve none 
3780 mg. of 25^  active none 
1890 mg, of 25^  actxYB none 
9kS mg, of 25^  acti-ve none 
1890 mg. of 25% active captan 
9l;5 mg, of 255S active none 
*0a all trea-iaaents 3 ml, of 2^  metl^ l cellulose was applied "to each 
pound of seed as a sticker. 
•K*Both ftingicides lirere equi^valent to 1 omce of actual ma^fcerial per 
bushel of soybeans. The amount used per pound of seed •was 630 mg. 
of 75^  active. 
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Dr». Co. R. Weber of the Agronomy Department at Iowa State College. 
Exploratory greenhouse tests Just prior to the field plantings 
revealed that none of the treatments conspicuously influenced 
either daily emergence or total emergence. However lindane at 
2 ounces of actual insecticide per bushel of seed showed a de­
finite tendency to reduce the green weights of the seedlings. 
It was presumed that the protection against maggots would be 
sufficient to counterbalance any phytotoxic effects of the 
chemical. 
One or more of the above five soybean varieties were 
assigned to each location, dependixag on the availability of 
space and the length of the growing season at this particular 
location. There were four replications of each treatment, 
with 100 intact seeds hand~planted in each 20-foot row at each 
of the four locations. The experimental design was a randomized 
complete block with serpentine row assignments. The spacing 
was 40 inches between rows. Inoculant was needed only at 
Clarinda and Cresco where soybeans had not been grown in the 
plots for two previous years. The plots at Clarinda were 
planted on May 12, 1963, with all five varieties being entered 
there. Blackhawk, Hawkeye, Lincoln, and Adams varieties were 
planted at Cresco on May 28. Blackhawk was planted on May 20 
at Kanawha, and Clark on May 15 at Independence. Stand counts 
were taken at Clarinda June 5, at Independence JuneS, at Kanawha 
June 11, and at Cresco June 12. 
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Soybean series VI 
The 1954 field tri^s were planned to test insecticides 
and dosages in relation to seed-corn maggot control. A series 
of 20 treatments involving 1/3-, 2/3-, and 1-ounce levels of 
lindane, heptachlor, or Diazinon, both with and without captan, 
was used. Also included were an untreated control and a fung­
icide control. The treatments were slurried on Hawkeye soybeans 
on April 16, 1954, using methyl cellulose as a sticker. The 
seed lot used was a pure sample grown in 1953. Complete descrip­
tions of these treatments are given in Table 6. 
This series was planted on the experimental farms at Cresco 
and Independence, and in the insectary garden at Ames. Four 
replications were included in a split plot design, v/ith the 
fungicide levels assigned to the whole plot and the insecticides 
and their levels to the subplot at each location. There were 
200 seeds in a 20-foot row at Cresco and Ames, and 100 seeds 
in a 10-foot row at Independence. Spacing between rows was 40 
inches at Cresco and Independence, and 30 inches at Ames. Plant­
ing was done by hand at Independence on U&j 13, and at Ames on 
May 21. For the Cresco planting on May 19 a Columbia III garden 
planter was used. The spacing of the seed was about 10 per 
linear foot at all three locations. 
In these plantings a new technique was tried with the hope 
of attracting gravid female flies and enticing them to oviposit 
in the plots. Fish meal was allowed to soak overnight in water 
and used as an attractant for the flies. About ^  pound of 
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moistened fish meal was used per row at Ames and Cresco, and 
about ^  pound was used at Independence. At Ames the fish meal 
N 
v;as sprinkled over the top of each row and the plots were water­
ed daily with a garden hose. At Independence the attractant 
was placed in the row before the seeds were covered. At Cresco 
half of the plot had fish meal sprinkled on top of the row, 
while the other half had a broadcast application of fish meal. 
It was not feasible to keep the plots watered at either Cresco 
or Independence. 
Soybean series VII. 
The inoculation of soybeans with Rhizobium leguminosarum 
Frank has become a widely accepted practice and it is imperative 
that any insecticide applied to the seed be compatible with the 
inoculant. A hand-planted experiment with six replications was 
planted on June 17, 1953, in the insectary garden in order to 
study insecticide-Inoculant compatibility. This plot had not 
been planted to soybeans for at least 4 years, so that the supply 
of nitrogen fixing bacteria present should have been small. 
Lindane, toxaphene, dieldrin, and heptachlor were slurried on 
-^pound lots of Lincoln soybeans at the rate of 2 ounces of 
actual insecticide per bushel, using the regular laboratory 
procedure. Each of the chemicals was used both with and with­
out inoculant. Also an inoculated control and an uninoculated 
control were included. Where inoculant was used it was applied 
in excess just before planting. 
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The plot size was two by five hills. Hills were spaced 
so that the closest distance between hills was 2 feet, in order 
to eliminate competition between plants as aiuch as possible. 
Eleven days after planting the seedlings were thinned to two 
of the most vigorous plants per hill. These remaining plants 
were cultivated and allowed to reach maturity. 
On October 3 to 5 these plots were hand-threshed and the 
field weight from each experimental plot was recorded, A 100-
gram subsample from each sample was oven dried, at 105-110°P 
for 3 days to obtain a moisture correction for the corresponding 
field weight. Additional 100-gram subsamples were sent to the 
United States Department of Agriculture Production and Marketing 
Administration Grain Branch, Minneapolis, Minnesota, for oil 
content and iodine number determinations. For these samples 
the first and second, thi37d and fourth, and the fifth and sixth 
replications, respectively, were combined to give three composited 
replications. The iodine number was determined by the refract-
ometric method (Hunt _£t ^., 1951), and the oil content was 
derived by the dielectric procedure (Hunt ^  > 1952) after 
all samples had been dried to 8 per cent moisture. Detailed 
information on this experiment is presented in Tables 36 , 56, 
and 37 • 
Field Scale Seed Treatment Experiments 
Advantage was taken whenever possible of natural field 
infestations of wireworms to test the protective value of 
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insecticides as seed, dressings on corn.. Sometimes wireworm 
infested fields were not reported by the farmer until the stand 
had been sufficiently reduced to warrant replanting. In most 
of these fields wireworm activity had decreased by the time a 
seed treatment experiment was initiated, so that the injury 
was not sufficient for reliable tests. Three field experiments 
had enough active wireworms to evaluate insecticidal treatments, 
and are reported in this paper. The procedures can best be 
discussed under the individual expsrim€nts»-
Soybean fields with an infestation of the seed-corn maggot 
of sufficient magnitude to induce damage were difficult to find. 
During the three growing seasons encompassed by this dissertation 
infestations are thought to have been fewer than usual. Only 
one of the field e2q)eriments involving soybean seed treatment 
will be discussed. 
Blairsburjs: experiment (corn) 
The farm used for this experiment was located about 2 miles 
southeast of Blairsburg, Iowa, and was farmed by iir. Joe Sylces. 
The test field consisted of approximately 35 acres of peat soil. 
A heavy wireworm infestation had been an unfavorable factor in 
growing corn in the field for 3 years prior to 1952. On I&aj 20, 
1952, the field was planted to De Kalb j^brid 239-liiP, with 
10-10-30 starter fertilizer banded about 2 inches from the seed» 
The planting was in hills spaced 40 inches aPart in the rows, 
with four seeds per hill» 
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Seven insecticidal seed treatments and an untreated control 
were used. Mixing was done on tiae previous day in ^  bushel lots, 
using an electrically driven concrete mixer. The treatments 
described in Table 33 were all wettable powder formulations 
supplemented with methyl cellulose as a sticker. Stickers for 
Ortho HL-609 and Seed Guard had been added in these formulations, 
but methyl cellulose was added during the mixing as with the 
other treatments. These two formulations also contained lindane 
in combination with cap tan fungicide. Seed Guard contained a 
wettable powder but water had been added by the formulator to 
form a ready-to-use suspension. Graphite was used with all 
treatments as a lubricant to aid in uniform planting. 
A randomized coraplete block experimental design was emr 
ployed, and four replications were used for collecting the data. 
Treatments were re-randomized in the planter boxes at the end 
of each planting round so as to give plots four rows v/ide. The 
middle two rows of each plot served as the sampling area for 
wireworm population counts and corn stand estimates. An early 
fall frost made the taking of yield data unreliable in this 
field., 
Wireworm population counts were started on July 3 and con­
tinued until August 26, 1962.-, During this period four samplings 
of the four replications of each treatment were made 15, 20, 
16, and 10 days respectively, after the bait-traps were put 
out. Five bait-traps were placed in each of the middle two 
rows. One row in each treatment was baited with autoclaved 
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corn, -wjaile the adjacent row had a mixture of equal parts of 
yellow corn meal and wheat graham flour. The position of the 
two kinds of attractants was altered among the replicates. In 
all cases the traps were spaced four hills apart within the 
rows. When the traps were dug larval, pupal, sind newly-emerged 
adiilt elaterids were counted and brought back to the laboratory 
for later use. Except on the last date traps were rebaited on 
the date of digging by placing them in adjacent new positions. 
•«* *»•  ^••*•>«» w W •• XK"— V XX w «•' C y  ^V W ^  V V«. «•' 
a random location the nximber of stalks exclusive of suckers 
was counted in 13 continuous hills of each of the middle rows. 
Stand counts were confined to the portion of the field from 
which wireworm counts had been made. The data from this ex­
periment are presented in Table 38. 
Cresco experiment (corn) 
This experiment was located near Cresco, Iowa, and was in 
cooperation with Mr. Robert Vopova. The field was second year 
corn in an old pasture. Methyl cellulose was used as a sticker 
for the Insecticides on Pride ^brid B45A-Mt. Lindane, aldrin, 
heptachlor, and dieldrin were included in a randomized block 
design of four replications. As an exploratory field design, 
each 12 rows of a treatment was divided by two rows of an un­
treated control. In this way each treatment could be compared 
with its individual control when the treatment effects were 
evaluated. The corn was hill planted on islay 10, 1952, with 
about four kernels dropped in each hill. No commercial fertil­
izer was used. 
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Wireworm population counts were made in bait traps on 
July 18 and August 12, respectively, and stand counts were 
taken on the latter date. These results are given in Table 
39• A dense weed growth made yield data seem unjustified, 
Centerville experiment (corn) 
This field, about 8 railes southeast of Centerville, Iowa, 
was in first-year corn following sod in 1952. Mr. Tony Blozevich, 
the owner, had treated the seed corn with a commercial pre­
paration of lindane for a very early planting, but had used 
only about two-thirds or three-fourths of the recommended dos­
age of 1 l/8 oxinces of actual lindane per bushel of seed. Dur­
ing the germination period and the seedling stage, cool, moist 
weather afforded favorable conditions for wireworm attack. The 
stand was so reduced that replanting was necessary. In view of 
this stand loss the owner was reluctant to have a seed treatment 
easperiment used in the replanting. Instead a combination of 
seed and soil treatment was agreed on. 
The soil treatments were applied on May 8, 1952. Emul-
sifiable concentrates of BHC, chlordane, and aldrin, respective­
ly, were diluted with water to give 2 pounds of actual material 
per acre, and applied to the soil surface by means of a ia^actor-
motinted sprayer. To minimize overlapping of the effects of the 
spray materials due to drift and cultivation, the plots were 
12 or more rows wide. An unsprayed area was left in each re­
plicate as a control. The entire field was disked soon after 
spraying to mix the insecticides into the soil and to destroy 
the remaining seedlings from the previous planting. 
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In addition to tne soil treatments Isotox Seed Treater, 
containing 25 per cent lindane, was used on the seed throughout 
the field at a dosage of 4§ ounces per bushel. The lindane was 
applied as a dry mix to Pioneer Hybrid 300-A by using a 10-
gallon cream can as the mixing utensil. The field was drill 
planted on May 10, 1952, the same day the seed was treated with 
Insecticides. 
Unfortunately this field was small in size and irregular 
in shape, and only two replications of the soil treatments 
were practical. Bach treated plot was subdivided into four 
sampling areas to reduce the sampling error. ¥/ireworm bait 
traps were put out on three different dates during the growing 
season, five traps were placed in the third, fifth, seventh, 
and ninth rows, respectively, of each plot. Autoclaved corn 
and a mixture of corn meal and flour were placed in alternating 
rows as the attractants. Spacing between traps was approxi­
mately 12 feet apart. The baits of consecutive trials were 
placed in new locations but within the same general areas. 
Stand counts were taken on. September 30, and yields were ob­
tained on October 17, both from the general region sampled 
earlier for wireworms. The data for this experiment are pre­
sented in Tables 40, 41, and 42. 
Perry experiment (soybeans) 
A farta owned by Mr. Carmen Kempf was used for soybean seed 
treatment experiments in both 1953 and 1954. However, poor 
drainage after heavy rains in 1953 caused water to stand on a 
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large part of the field and the experiment was abandoned for 
that year. 
In 1954 another seed treatment experiment was tried in a 
nearby field of about 30 acres. Mixing was in a concrete mixer 
in 1-bushel lots. The order of the addition of ingredients 
was 2/3 cups of sticker followed by about I/2 cup of inoculant 
before the insecticide was sprinkled on the seed in the 
rotating mixer. Ten treatments were randomized in four re­
plications- All insecticides were applied at 3/4 ounce of 
actual toxicant per bushel of seed, except EPN-300 which was 
included at 4/5 ounce. Four of the treatments were commercial 
seed treatment formulations with captan in ratios of zero, 
one-half, two, and three parts, respectively, to one part of 
lindane by weight. 
Laboratory Experiments with Soil Insects 
Exploratory tests were performed with soil insects exposed 
to treated seed. These tests were intended to give information 
on how low a dosage of insecticide could be used to give effec­
tive protection of the seed. They were kept as simple as pos­
sible to minimize the conditions foreign to the insects in 
their natural habitat. The seeds were placed at the normal 
field planting depth with soil as the mediizm. 
The treatments were evaluated on the basis of how much 
protection was afforded to the germinating seed, and how the 
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insects were affected. Sometimes insects in contact witJa 
treated seed in soil would not be dead but would exhibit ab­
normal behavior. Such insects were considered moribund, and 
recovery was found to be the exception when they were kept 
under observation in insecticide-free soil. 
Lindane was given special emphasis because it is the chem­
ical now in wide use as a seed treatment. After an effective 
level of lindane was determined four additional insecticides 
were included in another test at the same dosage. These were 
dieldrin, heptachlor, toxaphene, and Diazinon, fill in wettable 
powder formulations slurried on Pioneer Jjybrid 349 with methyl 
cellulose as a sticker, Wireworms and seed-corn beetles were 
used separately in exploratory tests to determine whether or 
not they would injure soybeans. Soybeans were tested in this 
way both alone and in combination with corn. 
Wireworms 
The wireworms used in these experiments were obtained a 
few days previously from bait traps in infested fields. Only 
late instar larvae were used because these were supposed to 
be the most active feeders. The containers were kept as cool 
as possible without refrigeration until the contents were ex­
amined sifter 10 days to check seed damage and the effects on 
wireworms, 
Melanotus communis was the species used in all tests ex­
cept one. With this species six apparently healthy specimens, 
along with an equal number of seeds of a given treatment, were 
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placed in a -§ gallon crock containing soil. In all trials there 
were six replicates located in the screenhouse. Where soybeans 
were used, Lincoln and Blackhawk varieties were compared separ­
ately with corn# A container in each replicate was also planted 
with two seeds of each variety of soybean and two of corn to 
allow a choice of food material. 
Agriotes mancus was employed in an experiment comparing 
the five previously mentioned varieties of soybeans with corn 
in regard to seed injury. Cottage cheese cartons were used 
in this test. Each carton contained four wireworms and four 
seeds. Six replications were set up in the greenhouse. 
In no case were test insects used a second time. This 
precaution was followed in order to avoid any latent insecticidal 
action on the insects. If a wireworm did not disappear from 
the soil surface of a container within a reasonable length of 
time it was eliminated from the experiment. 
Seed"attacking beetles 
Four adult seed-corn beetles were placed in pint fruit 
jars half filled with soil. Four seeds were provided as food, 
as in the wireworm e:^eriments» In each trial there were six 
replications in the screenhouse. Presxomably two species of the 
genus Agonoderus were used without attempting to separate them. 
These were A. lecontei and A. pallipes, collected from the 
light trap, which are difficiilt to identify, to species. The 
literature is not clear and A. comma (Fabr.) may have been 
present also. In addition Clivina impressifrons was used in 
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separate tests® These tests were interrupted at the end of 5 
days because the containers were too small for further seedling 
growth. 
In the preliminary test seed-corn beetles were found to be 
more sensitive to lindane than wireworms. For this reason 
lindane was tried at the reduced dosages of 1, t, l/S, and 
l/l6 ounce of actual insecticide per bushel in two trials with 
Agonoderus spp«# and one with C,. impressifrons. A jounce 
level of toxicant was selected for further tests with five in­
secticides in which each genus was used. Only Agonoderus was 
employed in the tests with soybeans because Clivina was not 
numerous at the time. 
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RESULTS Ai® DISCUSSIOK 
Tiae data presented in this section were analyzed statis­
tically where this seemed Justified. Other results were ob­
viously significant because the differences were so large. 
Conversely, most of the differences in other experiments could 
be attributed to ordinary random sampling. Furthermore, even 
if some of the differences had been statistically significant, 
their value would have been doubtful. B'or exainple, a difference 
of a few wireworms from bait-traps could not be considered im­
portant because of the uncontrollable factors involved in 
sampling. 
An analysis of variance procedure v/as used on the data 
from many of the experiments. The procedure followed was that 
discussed by Snedecor (1946). The null hypothesis theorizes 
that no differences exist among the means of treatments within 
replicates. This hypothesis is either rejected or not rejected, 
depending on whether or not the calculated P value is as large 
or larger than the tabular F value. 
Greenhouse Experiments 
Corn series 
This set was tested in the greenhouse soon after treatment, 
and stored for about 20 months at room temperature before 
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retesting# this time by an official gei^nination test. Although 
the testing methods differed in the niJiaDer of seeds planted and 
in the type of containers, both were performed with sand as the 
germination medium. Only final total emergence was considered, 
but the tests give at least an indication of extreme injury 
after storage. 
That the germinating ability of the corn subjected to these 
treatments did not change much during the 20 months of storage 
is shown by the controls. Most of the insecticide treatments 
which compared favorably with the control in the original trial 
did likewise when germinated after storage. Conversely, the 
treatments which showed phytotoxicity at the start usually had 
more pronounced effects after storage. 
The Dow CE-30 treatment showed satisfactory emergence in 
the original test, but these seedlings had retarded growth 
and the aerial portions showed noticeable malformations. Only 
25 per cent of the seeds of this treatment emerged after storage. 
All other wettable powders gave satisfactory emergence of the 
seedlings even after storage. The dosage of Ortho Seed Guard 
was much lower than that listed in Table 1, as the active in­
gredients were later found to have precipitated out. The emul­
sion of BBiC was so extremely detrimental to the seed that the 
treatment was omitted from the second test. Whether the injury 
was caused by the emulsifier or by the insecticide was not 
determined. The formulation contained some of the other isomers 
of BHC in higher concentrations than the gamma isomer. B'or 
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Table 8, Germination tests of Com series I soon after treatment, and 
after storage for about 20 months at room ten^ jeratxtre. 
Per cent germination 
So, Treatment Freshly treatedjV Stored^/ 
1. Control 98 98 
2. Ortho HL-609 "He tt able 98 88 
3. Ortho Seed Guard 100 96 
i;. Lindane emulsifiable 80 72 
5. BHC wettable 100 91 
6. EHC emulsifiable 2 
7. Heptachlor wettable 92 93 
8, Heptachlor emulsifiable 90 93 
9. Aldrin wettable 96 97 
10. Aldrin emulsifiable 66 55 
11. Dieldrin emulsifiable 98 91 
12, DuPont EEW-300 emulsifiable 96 95 
13. DuPont KH) wettable 100 97 
li;. Malathion "srettable 98 91 
15, Doff CE-U8 Tffettable 100 95 
16, Dow CE«-28 -fflettable 90 88 
17, Dow CE-30 irettable 88 25 
18, Dow DN-Ul wettable 98 93 
19. Phenothiazine "srettable 100 95 
20, Parathion wettable 100 96 
21, Isodrin wettable 100 97 
2/Each value represents the pooled results of two replicates consisting 
of 2^ seeds each, 
/^Each value represents the pooled results of four replicates consisting 
of 100 seeds each. 
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this reason this emulsion cannot be compared with the wettable 
powder BHC treatment because the latter had only 4^per cent of 
other BHC isomers in the total ingredients. 
Aldrin and lindane as emulsifiable concentrates also gave 
injury which was somewhat more pronounced after storage. Both 
of these emulsions were obviously more phytotoxic than the 
wettable powder formulations of the same insecticides. The 
other emulsifiable concentrates posi^bly caused slight injury. 
Corn series II 
Two tests of this series were germinated in sand in the 
greenhouse. A third test was germinated under similar conditions 
after about 14 months of storage of the treated seed at room 
temperature. The emergence data for the various insecticide 
and fungicide treatments were in general similar to those of 
the untreated controls, even in the storage trial. Discrep~ 
ancies in emergence could usually be attributed to normal varia­
tion in the seed. The results of the measurements other than 
emergence are given in Tables 9 to 14, inclusive. 
Mean emergence period data and average green v/eight values 
did not reveal large or consistent differences. There were 
only slight decreases in seedling weights at the higher levels 
of lindane. Storage of the treated seed did not greatly in­
crease injury by any of the lindane treatments. None of the 
data indicates differences resulting from method of application. 
Analyses of variance of the length of primary root data 
revealed statistically significant differences. Some of these 
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Table 9* Eesults of three greenhouse tests with Corn series II— 
1953 and 19^ h. 
Ifean eiaergence . Jfean green ureight / 
period (days)j/ per plant (grams) 
No. Treatment Test Test Test Test Test Test 
1 2 3 1 2 3 
Dry treatiaents 
1. Control 5.1i 5.it 5.2 2.0 1.9 2.2 
2. Csptan control 5.3 5.2 5.2 2.0 2.2 2.i; 
3. l/l6 o2. lindane 5.5 5.5 5.1 2.0 1.8 2.3 
Ij-. 1/8 oz. lindane 5BU 5.5 5.1 2.1 2.0 2.3 
5. l/h oz. lindane 5.5 5.3 5.1 2.0 2.0 2.3 
6. 1/2 oz. lindane 5.2 5.5 5.2 1.8 2.0 2.1 
7. 1 oz. lindane 5.3 5.6 5.7 1.7 1.7 1.8 
8. l/l6 oz. lindane cap tan 5.6 5.5 5.2 2.2 2.2 2.3 
9. l/8 oz. lindane cap tan 5.3 5.3 5.1 2.2 2.1 2.5 
10. l/U oz. lindane captan 5.5 5.7 5.1 1.7 2.3 2.5 
11. 1/2 oz. lindane • captan 5.5 5.3 5.it 1.8 2.0 2.2 
12. 1 oz. lindane -*• cs^ jtan 5.6 5.9 5.7 1.8 1.8 2.0 
Methyl cellulose treatments 
13. Control 5.ii 5.U 5.2 1.7 2.0 2.2 
lU. C£5)tan control $.h 5.U 5.1 2.0 2.3 2.5 
15. l/l6 02. lindane 5.1 5.6 5.U 2,h 2.0 2.1 
16. 1/8 oz. lindane 5.i; 5.6 5.1 2.0 2.1 2.3 
17. 1/ii oz. lindane 5.5 5.3 5.2 2.0 2.0 2.2 
18. 1/2 oz. lindane 5.6 5.6 5.2 2.0 2.0 2.3 
19. 1 oz. lindane 5.5 5.7 5.2 1.8 2.0 1.9 
•
 
o
 
CM l/l6 oz, lindane *• captan 5.6 5.0 5.2 2.1 2.ii 2.ii 
21. 1/8 oz. lindane f captan 5.6 5.3 5.2 2.3 2.3 2.5 
22. l/h oz. lindane *- captan 5.5 5.5 5.1i 2.2 2.U .2.2 
23. 1/2 oz. lindane * captan 5.1i 5.U 5.3 2.1 2.3 2.2 
2ii. 1 oz. lindane + captan 5.1i 5.3 5.5 2.2 2.2 2.0 
i/sach value represents the pooled results of four replicates in Tests 
1 2J and of five replicates in Test 3* All replicates consisted 
of ten seeds. 
Table 10. Analysis of variance on the average length of primary root data from the first test of Corn 
series II-~.19$3i/ 
Source of variation Degrees of freedom Sums of squares Mear 1 squares P value 
Replicates 3 8,12 2.71 
Treatments 23 198.02 8,6U 11.19^ W 
Methods of application 1 5.6U 5.6U 7.30^ w 
Fungicide 1 0.57 0.57 N.S. 
Levels of lindane 163.02 32.60 l42.205Hf 
Methods x fungicides 1 5.3U 0.3U 6.92^  ^
I'XingiGides x levels of 
0.68 lindane 3.39 N.S. 
Itfethods X levels of lindane IU.62 2.92 3.78i!-Jt 
Methods X fungicides x 
6.2U 1.25 levels of lindane N.S. 
Experimental error 69 53.31 0.77 
Total 
-HSignifleant at the $ per cent level 
•JH^Significant at the 1 per cent level 
l/The data on which this analysis is based are presented in Table U9 of the Appendix, 
Table 11, Analysis of variance on the average length of primary root data from the second test of 
Corn series II—19^3 
Source of variation Degrees of freedom Sums of squares It'^ an squares F value 
Replicates 3 6.12 2.0U 
Treatments 23 363.67 15.81 I6,63^ H«-
Ifethods of application 1 5.12 5.12 5.31->t 
Fungicides 1 lli.U9 1U.U9 l5.25»Hf 
Levels of lindane 5 292,5U 58.51 60.5 W 
ifethods X fungicides 1 1.71 1.71 N.S. 
Fungicide x levels of 
1U,95 lindane 5 2.99 3.15^  ^
Methods X levels of lindane 5 31.93 6.39 6.73^ -* 
Methods x fiuigicides x 
0.58 levels of lindane 5 2.92 N.S. 
Elxperimental error 69 65.27 0.95 
Total 95 
•M-Significant at the 5 per cent level 
iHfSignificant at the 1 per cent level 
i/The data on which this analysis is based are presented in Table 50 of the Appendix. 
Table 12, Analysis of variance on the average length of primary root data of the third test of 
corn series II— 
Source of variation Degrees of freedom Sums of squares I.tsan squares F value 
Replicates h 17.70 U.U3 
Treatments 23 ii.77.66 20,77 li2,32** 
Ifethods of application 1 2,73 2.73 5.56?^  
Fungicides 1 i.hU l.UU N.S, 
Levels of lindane 5 J408,li6 81.69 l66,li8^ Ht 
Ifethods X fungicides 1 0.00 0,00 N,S, 
Fungicides x levels of 
lindane 5 2.53 2.53 5,l6iHj-
•Methods x levels of lindane 5 3.08 3.06 6,285^ * 
ifethods X fungicides x 
levels of lindane 5 1.39 1.39 2.8U* 
Experimental error 92 U^ .lli 0.U9 
•total "W ^ 501.50 
insignificant at the 5 per cent level 
^^Significant at the 1 per cent level 
i/The data on Vfhich this analysis is based are presented in Table 51 of the Appendix, 
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Table 13. Interactions of levels of lindane -with msthods of application 
in gi^ enhouse tests of Com series II. 
Test 1 
Levels of lindais (oz.) 
Fungicide None 1/16 1/8 1/k 17^ 1 
Slurry 5939 58.53 60.20 60.37 52.11 37.87 
Drj 55.ii8 63.95 62.55 55.1}6 h0.8$ 26.71 
Difference 3.71 -.5.ii2 -2.35 4.91 11.26 11.16 
Test 2 
Levels of lindane (oz.) 
Fungicide Mone 1/16 1/8 l/ii 1/2 1 
Slrirry 71-i;6 ai.liti 65.22 66.65 57.11 W;.18 
Dry 68.35 75.68 79.60 65.03 1^ 3.25 32.01 
Difference 3.11 5.80 -li4.38 1.62 13.iJ6 12.07 
Test 3 
Levels of lindane (oz.) 
Fungicide Mone V8 1/k 1/2 1 
Slurry 66.29 70.30 61.69 W.OO 25.06 
Dry 69.6k 69.27 69.53 67.32 30.1^ 9 21.83 
Difference 6.20 0.77 -5.63 ^7^1 372$ 
Table lli. Interactions of levels of lindane witii levels of captan in 
Greenhouse test 2 and 3 of Com series II. 
Test 2 
Levels of lindane (oz.) 
Fungicide None 1/16 1/a 1/k 1/2 1 
C£5)tan 
None 
77 .lU 
62.67 
55.Wi 76.31 62u81 50.iUi 
71.72 68.51 66.87 U9.92 
39.5^  
36.67 
Difference 12i.ii7 13.70 7.eo -2.06 0.52 2.ti5 
Levels of lindane (oz.) 
Fungicide None 1/16 1/e 1/k 1/2 1 
Captan 
None 
73.8/t 
71.61t 
b9,91 71.37 57.92 3k.kO 
65.59 68.ii6 71.09 i;3.09 
23.06 
23.83 
Difference 2.20 li.38 2.91 -13.17 -8.69 -0.77 
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differences are difficult to explain, wjaile others are easily 
understood. In all the trials there were large differences in 
the action of the treatments. Most of this difference was 
associated with decreases in root lengths with increasing dos­
ages of lindane. The higher dosages of lindane caused somewhat 
more shortening of the primary roots when the seeds were tested 
after storage. 
Another portion of the variation among treatments in all 
these trials was attributable to the method of applications. 
The use of methyl cellulose as a sticker was superior to apply­
ing the ingredients as a dry powder in that it reduced the in­
jury. l!&ich of this superiority was with the higher dosages of 
lindane, as shown in the interaction table. This covild perhaps 
be explained by the sticker giving an even courage, while the 
dry method allowed a higher concentration of lindane on a sen­
sitive region of the seed. 
The action of the fungicide in the three trials was vari­
able. In the second test the fungicide had the greatest in­
fluence. In this and the third test there were significant 
interactions between the presence or absence of captan and the 
levels of lindane. The interaction in the second test v^as due 
mainly to the increased root length of seedlings in the treat­
ments with the lower levels of lindane in combination with 
captan, contrasted with these lower levels of"lindane without 
fungicide. In the third test a large part of the interaction 
was caused by the difference between no fungicide and captan 
used in combination with the three lower levels of the insecticide. 
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Corn series III 
Corn was planted in earthen pots containing soil to 
study the effects of lindane on the seedlings at different 
stages of growth. Seedlings from lindane treated seed and 
seed with no insecticide were removed from the pots at regular 
intervals and weighed before the primary roots were measured® 
The results of this test are given in Table 15. 
There are several factors in this experiment which require 
comment. The test consisted of only the first five seedlings 
to emerge from eight seeds planted in each container, so that 
the lower extremes of germination were not considered. This 
made the measured differences smaller among plants in a con­
tainer, but also tended to make differences smaller between 
lindane treatments and the controls, because often one or more 
of the lindane treated seeds were a day or more late in pro­
ducing seedlings. Also the use of soil instead of sand as 
the germination medixim decreased the expression of root club­
bing by lindane, although a comparatively high dosage of in­
secticide was used. A large nmaber of plants would have no 
doubt been desirable. 
Up to the ninth day after planting the lindane treatment 
had seedlings with lower average green weights. Sometime after 
the ninth day the lindane treatments outgrew this difference 
in average seedling weight. The primary root measurements 
showed that lindane resulted in shorter primary roots starting 
on the average about the sixth day. This difference was not 
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Table 35. CcfS5>a3ri.son of Hirdane treated com seed livitli 
Tintsreated seed at different stages of grofwth - 19^* 
Mean green Mean lengtih. of 
Bays after "arfc, per plant prisaiy roots 
plaptiaag Treatment (graias)j/ (iiiches)3/ 
6 Control 1.9 10.2 
lindane 1.7 5.3 
DiffeiCTice OT 
9 Control 2.1 lO.ii 
Lindane 1.9 5.6 
Difference 0.3 Xs 
12 Control 3.3 11.6 
- Lindane 3.3 9.5 
Difference 0.0 2.1 
25 Control 5.1 16.2 
Lindane 5.3 . 11.5 
Difference -0,2 . nr::? 
18 Gcmtrol 7.2 23.0 
Lindane 7.1 19.5 
Difference 0.1 "33 
i/Each value represents the pooled results fjrom five replicates 
consisting cf five seedlings each. 
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overcome during the period of the test, but after the sixth 
day the primary roots of seedlings of the insecticide treatment 
increased in length approximately the same amount as did those 
of the control seedlings. 
Corn series IV 
None of the concentrations of d-glucose appreciably lessen­
ed the clubbing action of the two levels of lindane on the 
primary roots of corn seedlings. In general the treatments 
containing either level of lindane had shortened roots and 
reduced green weights regardless of whether or not dextrose 
was present at any of its various concentrations. The final 
emergence was about the same for all treatments in the experi­
ment. 
Difficulty was experienced in getting all of the higher 
dosages of sugar on the seed. A dextrose level higher than 
9.125 ounces per bushel of corn would not be commercially 
feasible, because this would be over a pint of material coated 
on the seed, not including the lindane and a fxmgicide if the 
latter were included. It is doubtful that soil in place of 
sand as the germination medium would greatly enhance the pro­
tection afforded by d-glucose. 
Corn series V 
The antibiotics strepton^cin and Terramycin, at concen­
trations ranging from 3 to 24 parts per million, apparently 
had little influence on the germination and growth of corn. 
Table 17 shows that the average final emergence and average 
Table 16» Svunmary of results of-greenhouse tests using dextrose in combination with lindane 
on com seed - IP^ U.]/ 
Mean green Mean length of 
Mean final wt» per plant primary root 
emergence (g.) (in.) 
No. Treatment Teat 1 Teat 2 Test 1 Test 2 Test 1 Test 2 
1. untreated lU.6 lU.6 2.3 2.0 7.0 U.6 
2. Low level of dextrose lU.6 lit.6 2.U 2.0 7.3 U.6 
3. Medium level of deacbrose lU.6 lUo6 2o3 2,6 6.8 U.7 
U. High level of dextrose lii.O lli,8 2.0 2,h 6.6 h.h 
1.12^ ozs. of lindane 1^.0 liu2 1.7 1,9 2.1 2.6 
6. 1.12^ ozs. of lindane + 
lossr dosage of dextrose lU.8 llt.8 1.7 1.9 2.1 2.7 
7. 1.12^ ozs. of lindane + 
medium dosage of dextrose lU«6 lU.8 1.7 2.0 2.0 2.6 
8, 1.12^ ozs. of lindane + 
high dosage of dextrose lU.6 liu2 1.7 1.9 2.1 2.0 
9. 2*2$0 ozs. of lindane lli.2 lU.U l.It 1.7 1.7 2.3 
10. 2,2^0 ozs. of lindane + 
lossr dosage of dextrose lU.U li+.U I.I4 1.8 1.8 2.0 
11. 2.2^0 ozs. of lindane 
medium dosage of dextrose lU.2 lll.l+ l.U 1.8 1.7 2.U 
12. 2.2^0 ozs. of lindane -i-
hi^ dosage of dextrose lU.2 1)4.8 1.5 1.8 1.8 2.3 
i/Each value represents the pooled results of five replicates consisting of l5 seeds each. 
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Table 17. Sumaary of results of a greenhouse test using 
ttro antibiotics at "various levels in isater dips 
of seed com - 19$h* 
NO. 
lufcibiotic and 
concentration 
Uean final 
emergencei' 
lean green 
TSt. per plaatV 
(g.) 
1. Control li;.6 1.9 
2. 3 ppa of Terramycin-/ 15.0 1.8 
3- 6 ppa of Terramycin 15.0 1.8 
Uo 12 ppa of Terramycin lit.8 1.9 
5. 2I4. ppa of Terramycin lU.U 1.9 
6. 3 ppa of streptanycii^/ ll;.6 1.9 
7. 6 ppa of streptcsjiycin llt.8 1.8 
8. 12 ppm of streptoanycin li-.O 1.8 
9. 2li. ppa of streptomycin li^ .2 1.8 
l/Each valtie represents the pooled results of five replicates 
consisting of iS seeds each. 
2/This preparation contained 850 meg, of Terramycin hydro­
chloride per mg« of total ingredients. 
2/This preparation contained 600 meg. of streptcanycin sulfate 
per mg, of total ingredients. 
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green weight per plant of the antibiotic treatments differed 
little from these raeasureaients for the control. The range of 
concentrations of Terraznycin in this experiment included the 
dosage used by Mckell (1952) to obtain growth stimulation from 
treated sweet corn seed. 
The corn used by iMickell was of low viability. The corn 
used in this series was too high in viability to give large 
increases in final emergence attributable to the effects of the 
antibiotic. This iiigh seed viability may also have prevented 
significant increases in average green weights, or there may 
have been interfering factors which prevented the expression 
of growth stimulation.. It is possible that the antibiotics 
were inactivated by the soil before they had an opportunity to 
act. Since no beneficial level of either antibiotic was deter­
mined, insecticides we're not used in an e:^eriment contemplated 
to study the compatibility of antibiotics and insecticides. 
Soybean series _! 
The seed lots of this series were held in storage for 9 
months after treatment before they were germinated in sand. 
An earlier test had been carried out in the insectary gaiKien 
soon after treatment. The results of the greenhouse test are 
presented in Table 18. 
The levels of all insecticides were equivalent to 4-^-
ounces of 25 per cent active material per bushel of seed. 
Therefore the differences following the insecticide treatments 
could not be attributed to differences in dosages. Lindane 
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Table 18. Soamary of gemination test of so2?b€an series I in the 
greenhouse after nine months of storage of the treated 
seed - 19^ 3 •!.' 
Mean 
i®an Sfean green length of Total 
Per cent emergence -srei^it per primaiy seed 
tot^ period plant root coats 
emergence (days) (g^i.) (in.) remalTiiTig NO. Treatment 
1. Control 97.5 5.50 1.5 h.O 1 
2. lindane 95.0 5.55 1.5 3.7 2 
3. Ortho HII-609 92.6 5.95 1.1 2.1 29 
h. BH3 95.0 5.92 1.1 2.U 2 
5. H^jtachlor 77.5 6.10 i.li 2.1 1 
6, Aldrxn 
equivalent 32.5 TM 1.0 1.8 0 
7. Dieldrin it7.5 ?.(£}. 1.1 2,6 1 
8. BuPont EPIf-300 20.0 7.00 1.2 1.9 1 
9. DuPont HH) 50.0 6.79 1.3 3.2 0 
10. Malathion 30.0 8.13 0.9 1.6 0 
11. Metacide 2.75 1.1 2.2 2 
E^ach value represents the pooled results of four replicates consis­
ting of 10 seeds each. 
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compared favorably with the control. BHC was slightly injur­
ious, as shown by the decrease in primary root length and in­
crease in emergence period. The other treatments with the 
possible exception of heptachlor were highly toxic to the ger­
minating seed under the conditions of this test. Dow DK-lll 
was not included in this experiment because very few seeds of 
this lot germinated in the earlier field teste There were no 
emerged plants in one replication of Metacide, so the mean 
emergence was not calculated for this treatment- The total 
emergence of Metacide-treated seed in the field had been only 
slightly lower than that of the control. 
Seed treated with Ortho HL-609 performed satisfactorily 
in respect to total emergence but most of the resulting seed­
lings failed to slough off the seed coats during the course of 
the experiment. Consequently the cotyledons were delayed in 
unfolding, and this was reflected in a low average green weight 
for this treatment. Because captan was the only ingredient 
not common to Ortho iiL-609 and the regular lindane formulation, 
the fungicide was to be blamed for the abnormality. A later 
experiment was designed to determine if lindane in combination 
with captan aggravated this injury on soybeans. 
Nine months later these treated seed lots were again planted 
in the greenhouse. This time there was no emergence, even in 
the control. This suggested that the viability of the seed 
may have been low at the time of the original test. 
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Soybean series II 
Higji gamma BHC was used, on five varieties of soybeans at 
the exceptionally high dosage of 4 ounces of actual toxicant 
per bushel of seed. Although the seeds were 21 months old at 
the time of planting in sand, there is no extensive damage to 
any of the five varieties shown in Table 19. There was a 
variation in final emergence among varieties but the difference 
between the control and insecticide treatment was not signifi-
WtiW-LV JUJJL CLXAJ WO. V CfcX O 0^.009 
The average green weight of the seedlings showed that 
BHC caused no reduction in this characteristic with two closely 
related varieties, Clark and Lincoln. With the other three 
varieties the weight was less for the BHC treatments, but the 
reductions were slight considering the severity of the-test. 
In general soybeans appear to be more tolerant of BHC seed 
treatment than corn. 
Soybean series III 
This series of four treatments was designed to further 
explore captan injury to stored soybean seed. Planting dates, 
storage periods and results are presented in Table 20. The 
interval between plantings missed being exactly 6 weeks by 1 
or 2 days in some cases, but this probably influenced the results 
very little. 
The variability in emergence among treatments in all tests 
probably is attributable to normal variability in the seed lots* 
The test started on April 1 was unintentionally subjected to 
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T^ le 19.» Sensitivity of five varieties of soj^ eans to a high 
dosage of BBC - 19Bh* 
Variety Trea-tment 
USean 
final 
emergencei/ 1/ 
Mean green 
trei^  per 
plantV^ 
CgE.) 
TJntreated 
it oz, 
13.5 
lU.O 
2.0 
1.6 
Adams Untreated 
£ oz, BHC/bu. 
13.0 
13.5 
1.7 
1.5 
Lincoln Untreated 
k oz, BH5/bu. 
12.5 
12.8 
1.5 
1.5 
Clark Untreated 
ij oz. BBS/bu. 
10.5 
10.8 
1.9 
1.9 
Blackhassk ©•treated 
U 02. BHCA>u. 
lli.5 
lii.8 
1.7 
1.6 
1/ 
— Each value represents the pooled results of four replicates 
consisting of l5 seeds each. 
Table 20. Summary of Series III of Blaokhawk soybeans treated •vrith captan and lindane in various 
combinations to atudy seedling injury - 195U.ir 
Treatment 
Approximate lindane 
Date of length of Type of plus 
planting storage measurement Control Captan captan lindane 
Jan. 6 Freshly Mean final emergence 23.8 22.U 22.8 23.2 
treated Mean green wei^t (g .) 1.7 1.7 1.7 1.7 
Total remaining seed coats 0 0 0 0 
Feb. 12 6 waeks Mean final emergence 20.2 19.0 19.8 19.0 
Mean green wei^t (g •) 1.7 1.8 1.7 1.7 
Total remaining seed coats 0 0 0 0 
April 1 12 weeks Ifean final emergence 16.6 17^ .8 17.2 16.2 
Ifean green weight (g.) 1.3 1.2 1,1 1.2 
Total remaining seed coats 0 0 1 0 
May 12 18 weeks Mean final ©mergence 2I4.O 2^ .0 2)4.6 23.8 
Mean green weight (g.) 1.8 1.7 1.5 1.5 
Total remaining seed coats 0 1 15 2 
jtins 27 2h weeks Mean final emergence 2U.O 22.6 23.6 2u.2 
Mean green weight (g .) 1.7 1.5 1.6 
Total remaining seed coats 1 h9 77 3 
No. dead seedlings?/ 1 3 28 2 
June 28 Freshly l^ fean final emergence 23.8 2h.o 23.6 2U.U 
treated Mean green vreight (g .) 1.8 1.5 1.5 1.6 
Total remaining seed coats 0 63 81 2 
No. dead seed3.ings 0 3 22 0 
i/Eaoh value represents the pooled results of five replicates consisting of 2$ seeds each. 
£'NO dead seedlings noticed in the first foxuc tests. 
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excessive greenhouse temperatures "but in spite of this the four 
treatments differed, little in final emergence. Subsequent tests 
were moved to the screenhouse where high temperatures were not 
reached; There were no consistent differences among treatments 
in respect to final emergence. 
Seedling injuzy in treatments other than the control ap­
peared in the April 1 planting, and was even more pronounced 
in the later tests. This is reflected in the figures for the 
mean green weights. The mean green weight of the lindane treat­
ment was slightly higher than that of either the captan or the 
lindane plus captan treatments, but none of the three equaled 
the control in this respect. The figure for the lindane plus 
captan treatment would have been even comparatively lower if 
the diseased seedlings had not been omitted from the weighings. 
These seedlings, confined largely to the combination treatment, 
emerged satisfactorily but were darkened and dead at the time 
the plants were "harvested". They were, however, included in 
the final emergence data. 
Seed coat adherence was found mainly in the two captan 
treatments. The combination of lindane with the fungicide in­
creased this peculiarity in the last three tests. The seed­
lings depicted in Figure 2 were photographed eight days after 
planting. By the tenth day only fragments of some of the in­
teguments remained clinging to the cotyledons, but the affected 
seedlings were nevertheless delayed in growth. 
Figure 2. Captan InjuiT' on Blackhawk soybeans which were about 
21 months old. at the time of treatment. Stake 1# 
Control# Stake 2» Captan treatment showing stunting 
of seedlings and seed coat adherence. Stake 3o 
Captan plus lindane treatment showing increased seed­
ling stunting and seed coat adherence. Stake 4. 
Lindane treatment with a few stixnted plants but little 
seed coat adherence. 
96b 
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Little difference was siiown by any of the measurements 
for the storage treatments planted on June 27, and the fresh 
treatments planted the next day# This indicated that the in­
jury caused by captan was due to a reduction in seed viability, 
instead of prolonged contact of the fungicide with the seed at 
least under the conditions of this teste 
The seed used in this test was old and the storage tem­
perature differed somewhat from that of commercial granaries* 
However the experiment has practical implications. Captan, 
especially in combination with lindane, should not be used at 
a high dosage on soybeans held over a second year before plant­
ing. Whether old seed is freshly treated, or autumn treated 
as suggested by Johnson and Kilpatrick (1953), does not appear 
to be important from the standpoint of seedling inju37y by this 
insecticide-fungicide treatment. 
Hand-planted Field Experiments 
Corn series ^  
This series involved both wettable powders and emulsifiable 
concentrates and was planted in field plots at three locations. 
Some of the entries were new as seed treatments and were being 
tried for the first time for this use. Captan was added to 
all treatments because commercial seed corn is now almost uni­
versally treated with a fungicide. The results from these tests 
are presented in Table 21. 
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Table 21. Sinmaiy of results of phytotorLcity tests of Com series I 
on Eio^er B^rbrid 379 liand planted at tiiree locations -
1953,^  
Kapssha Ankeny .flgies 
Mean Mean Mean s^an Msan 
no. yield no. yield no. 
Jfo. Trea-baent plants (bu./A.) plants (bn./A.) plants 
1. Control 31S 9h,l 36.3 95.0 38.0 
2. Ortho mr^ 36.5 91.1 37.7 92.9 ltli.3 
3. Orfcho Seed Guard 37.8 92.3 37.7 96.1 itO.8 
L»ULQ**ZJY WIIU.I OJ X-UETU.,L.C ON r\ 31.3 88,9 33.0 
5. Gamma isoner of BEG 
wettable 38.5 92.1 3li.7 92.6 ia.3 
6. Hepfcachlor wettable 38.0 9U.7 37.7 96.5 U2.5 
7. Heptachlor enmlsifiable 35.8 9Ji.2 36.3 91.9 38.5 
8. Aljdrin inrettable 37.3 87.8 37.7 90.1 ltO.8 
9. Aldrin emulsif iable 3li.3 90.3 36.0 90.it 36.3 
10. Dieldrin enmlsifiable 35.8 89.2 38.7 95.2 36.8 
11. DuPont EPN-300 
li3.0 emulsifiable 37.3 91.2 37.0 92.5 
12. DuPont KH) Tjettable 36.8 88.6 36.3 98.3 li3.3 
13. Malathion frettable 37.8 93.8 37.7 96.5 39.3 
lU. DcJT CB-i;8 36.8 91.6 37.7 96.1 ia.8 
Dm CE-28 37.0 92.7 37.7 95.5 li2.0 
16. Dour CE-30 31.8 82.0 25.7 81.8 20.5 
17. DOST DK-111 37.3 92.8 37.7 97 .li ia.5 
18. Hienothiazine 39.8 9h.2 36.7 97.lt la.5 
19. Parathion Tsettable 38.0 103.lt 36.7 91.0 38.3 
20. Isodrin wettable 38.0 98.3 38.3 96.7 38.0 
~ Each value represents the pooled results of four replicates consisting 
of i(.0 seeds each at Kaiissiiia and Ankei^, and of three replicates cort-
sisting of $0 seeds each at iaaes. 
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OrtJao Seed. Guard was later found to be a faulty formula­
tion. Part of the ingredients were precipitated out, but this 
was not noticed at the time of use because the mixture came 
in a dark colored bottle. Most of the insecticide treatments 
gave both yields and stand counts comparable to those of the 
control. Lindane eraulsifiable concentrate and Dow CE-30 wettable 
powder, a dinitro compovind, were noticeably phytotoxic. The 
other emulsifiable concentrates co335>ared favorably vjith cor­
responding wettable powders in yields and were only slightly 
lower in stand counts in most cases. Emulsions have certain 
properties which would be advantageous in seed treating opera­
tions. These are better spreading and adhering properties, 
more uniform coverage, and less bulk on the seed to interfere 
with planting. 
Corn series II 
This series of treatments was intended to give an indica­
tion of how low a dosage of lindane can be used on corn to pro­
tect the seed in a natural infestation of wireworms. Unfor­
tunately the late planting date, followed by relatively warm 
and dry weather, presumably reduced wireworm feeding activities 
to a low level in this field. 
The stand counts showed no statistically significant dif­
ferences for levels of lindane, methods of application, presence 
or absence of captan, or for any combination of these factors. 
Only a few hills of corn showed wireworm damage. The high dos­
ages of lindane did not show phytotoxicity in the field as they 
Table 22, Analysis of variance of the stand counts of Corn series II planted at Conrad—19?3*"^ 
Source of variation Degrees of freedom Sum of squares Mean squares F value 
Replicates 222.13 7iuOl4 
Treatments 23 600,13 26,09 N.S. 
Ifethode of application 1 I.Gil 1.0U N.S. 
Fungicides 1 0.67 0.67 N.S. 
levels of lindane 3liU.2^  68.8^  N.S. 
Ifethods X fungicide 1 1^ .67 1^ .67 N.S. 
Fungicides x levels 
26. lU of lindane 130.70 N-.S, 
!^0thod X liavels of 
lindane 81,08 16.22 N.S. 
Methods X fungicides 
26.72 5.3ii X levels of lindane N-.S-, 
Experimental error 69 2992»37 3^.37 
Total ^ ~~ 381U.63 
i/ Hie data on which this analysis is based are presented in Table $2 of the Appendix# 
o 
iOl 
Table 23. Yields for Corn series n planted at Conrad - 1952. 
Yields by reps. (bu. per acre) 
Ho. Treatment I H IH 17 Mean 
Dry treaiaaents: 
1. Control 76.5 92.9 97.h 90.2 86.7 
2. Captan control 82.3 89.0 95-3 92.9 89.9 
3. 1/16 oz. of lindane 71.0 63.1 85.1 103.5 80.7 
li. 1/8 oz. of lindane 68.2 9li.l 91.3 lOli.3 89.5 
5. l/k oz. of lindane 7k*9 81.1 100.U 7h.9 82.8 
6. 2/2 oz. of lindane 82.3 89.0 9lt.l 80.0 86.h 
7. 1 oz. of lindane 7U.9 91.3 86.2 95.3 86.9 
8. 2/16 oz. of n.indane * captan 7lt.9 68.2 82.3 90.2 78.9 
9. 1/8 oz. of lindane + captan 71.0 82.3 60.u 95.3 77.3 
10. lA oz. of lindane + captan 80.0 91.3 100.U 101.9 93.it 
11. 2/2 oz. of lindane + captan 98.0 91.3 96.3 98.0 95.9 
12. 1 oz. of lindane + captan 76.1 78.lt 90.2 92.9 81i.u 
Modified slurry treatments: 
13• Control 
lU. Captan control 
1$, l/l6 oz» of 1indane 
16. 1/8 oz, of lindane 
17. lA 02. of lindane 
18. 1/2 oze of lindajie 
19. 1 oz. of lindans 
20. l/l6 oz. of lindane captan 
21. l/8 oz. of lindane + captan 
22. lA oz. of IlpdaTie + captan 
23. 1/2 oz. of lindane * captan 
2lt. 1 oz. of lindane * captan 
87.it 80.0 78.lt 85.1 82.7 
76.1 91.3 93.1 98.0 89.6 
85.1 it9.0 95.3 76.1 76,ii 
86.2 80.0 90.2 9it.l 87.6 
6u.3 59.2 91.3 101.9 79.2 
90.2 96.it 103.5 90.2 95.1 
95.3 91.3 96.3 95.3 9i4-..6 
72.1 82.3 107.0 89.0 87.6 
68.2 7ii.9 68.2 95.3 76.7 
82.3 7ii.9 87.it 96.it 85.3 
87.it 73.3 91.3 99.2 87.8 
76.1 95.3 101.9 96.it 92.lt 
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had previously done in the greenhouse. The yield data were 
not analysed because the differences were even smaller than 
the stand differences. In such situations the treatments 
giving fewer plants usually show a partial compensation in the 
form of larger ears. 
Corn series VI 
These 25 treatments on each of two varieties of dent corn 
were held at three storage temperatures for over 5 months after 
treatment. This series was intended to give a comparison of 
two methods of applying lindane at various dosages, in combina­
tion with either thiram or captan, or with no fungicide. Both 
varieties at all three storage temperatures were planted at' 
Ames. Both varieties from the 72°F storage were included in 
o 
a test at Ankeny, and the Hybrid 379 set stored at 45 F was 
planted at Kanawha. Total plant emergence was recorded for 
all experiments, but yields were not taken at Ames. 
Neither the presence or absence of a fungicide nor storage 
teiaperature had any apparent influence on the stand or yield 
of either variety. On Hybrid 339 in Ankeny planting lindane 
applied in acetone solution noticeably reduced the stand, but 
this reduction did not cause a corresponding reduction in yield® 
The methyl cellulose method of application gave favorable re­
sults, even at the double dosage of lindane. None of the treat­
ments on Hybrid 339 was conspiciously phytotoxic at Ames. 
On Hybrid 379 the acetone solution applications progressively 
reduced both stands and yields as the dosage of lindane was 
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Table 2k» Sunmary of stand cotints from Com series VI kept for five months 
at three locations—19^ 2• 
Jfean iimaber of 
E^ rid 339 liybrii 
Ho. Treatsent 3$op ii5^ F Room teKiD.32^ -
1. 
2, 
3. 
Control 
Acetone 
Ace tore 
Acetone 
control 
- captan 
- thirsHi 
1|6.3 
hr.7 
ue.o 
ii8.3 
ii6.7 
U8.0 
U7.0 
i|8.0 
U8.3 
li7.3 
ii6,3 
¥.7 
U2.7 
li2.7 
U6,0 
li7.0 
h3,: 
h3*( 
U6,( 
6. 
7. 
Acetone 
Acetone 
Acetone 
- low dosage of lindaiae 
- lew dosage of lindaiie - captan 
- low dosage of UndaiTe - thiraiii 
38.3 
1.9 «? 1 
39.7 
14to7 
I.T A 
ii2.7 
li3.0 
Ko 
itl.3 
38.0 h A *9 4^^ i 
h2,0 
h2.: 
h2.C 
8. 
9. 
10. 
Acetone 
Acetoiffi 
Acetone 
- medinni dosage of lindane 
- laeditmi dosage of lindane 
- medim dosage of lindane 
- captan 
- thiraja 
kO>7 
h0,0 
i^ O.7 
39o7 
39.3 
it2.3 
39.0 
U3.7 
ia.o 
25.3 
28.7 
33.3 
26.C 
30.J 
29.3 
11, 
12. 
13. 
Acetone • 
Acetone • 
Acetone • 
- high dosage of lindane 
- hi^  dosage of lindane -
- high dosage of lindane -
captan 
thiraa 
36.0 
39.0 
liit.7 
38.0 
37.7 
U2.3 
llO.O 
37.0 
lpl.0 
23.0 
2ii.0 
29.3 
21.3 
22.7 
2l<.3 
lit. 
1^ . 
16, 
^thpcel control 
Ifethocel - captan 
Kfethocel - thiram 
ii5.3 
U6,o 
h6.7 
U9.0 
1^ 3.7 
U5.7 
U7.7 
1;8.0 
li9.0 
h7.3 
h$.7 
h7.3 
lt5.3 
lt6,0 
U6.0 
17. 
18. 
19. 
Ifethocel 
Methooel 
Ifethocel 
- lew dosage of lindane 
- low dosage of lindane -
- low dosage of lindane -
captan 
thiram 
U5.0 
li7.7 
U8.0 
k$,3 
h8,0 
lt7.3 
i;8.3 
lt7.3 
lt6.3 
39.7 
k6,7 
h$.3 
iil.O 
li6.3 
lt6.7 
20, 
21. 
22. 
Methooel 
Methocel 
Jfethocel 
- medixim dosage of lindane 
- meditm dosage of lindane 
- nieditim dosage of lindane 
- captan 
- thiraai 
itS.O 
1^ 6.3 
ii7.0 
itS.O 
i;8.7 
it8.7 
h6,3 
lt7.3 
li7.0 
h6,3 
k6.7 
h6.7 
lt3.7 
li7.0 
it6.0 
23. 
2U. 
2$. 
Jfetbaoel 
Ifethocel 
Jfethocel 
- high dosage of lindane 
- high dosage of lindane -
- high dosage of lindane -
eaptan 
thiraia 
it6.7 
it<7.7 
li7.3 
li6.7 
li7.7 
h7.3 
hh.7 
U8.3 
h6,0 
h^mO 
U6,0 
1+3.3 
li3.7 
lill-.o 
k^.7 
Each valce represents the pooled results of three replicates at Aiaes and Kanawha 
planted in each experaiitental imit at Ankergr and Kanawha, and $0 were planted at. 

oro series ?I kept for five months at three storage tengjeratiires 'before planting 
Ifean number of plants per replicate^ Ifean yield (bu/A)"^ 
Auks Ankeay-,,;- Kaaaarha Ankeny KSnagha 
i^sprid 339 Sybrid 379 
ifyb. 
339 
ifyb. 
379 379 
Hyb. 
332 
Hyb. lyb. 
379 
32^ ii5^' Room temp .32 "jF hS'y Room tejnp.72^F 72*^? 72 F 72^F U5"F 
lt6«3 
li7.7 
iiS.O 
ii8.3 
U6.7 
U8.0 
U7.0 
U8.0 
U6.3 
li7.3 
h6,3 
h6.7 
1^2.7 
it2.7 
Uo.o 
U7.0 
h3*3 
k3.0 
ii5.7 
i;6,0 
ii2,7 
U3.7 
i{0.7 
i|.6,0 
36.3 
37.0 
36.7 
35.8 
36.8 
36.6 
36.5 
35.8 
37.3 
3U.3 
36.0 
35.3 
82.2 
83.8 
83.1 
72.5 
97.2 
97.9 
9li-.ii 
89.1 
93.0 
86.8 
96.5 
92.6 
38.3 
h2,7 
39.7 
hk.7 
iil.O 
li2.7 
ii3.0 
li2.0 
i;1.3 
38.0 
ii2.7 
i;2.0 
lt2.3 
li0.0 
ii2.0 
UO.7 
hl.O 
hl,3 
32.3 
33.0 
3ii.8 
28.8 
28.8 
26.3 
31.7 
29.3 
30.0 
85.3 
87.0 
83.3 
83.0 
78.8 
79.6 
87.7 
90.2 
83.5 
hO.7 
Uo.o 
1^0.7 
39.7 
39.3 
it2.3 
39.0 
h3,7 
hl,0 
2^.3 
28.7 
33.3 
26.0 
30.3 
29.3 
30.0 
33.7 
31.0 
33.8 
31.0 
29.0 
18.0 
17.5 
22.5 
21.3 
17.7 
22.0 
82.9 
81t.5 
80.1 
59.3 
60.8 
70.8 
69.3 
61.0 
71.6 
38.0 
39.0 
Ut.7 
38.0 
37.7 
i;2.3 
hO.O 
37.0 
lil.0 
23.0 
2U.0 
29.3 
21.3 
22.7 
2lt.3 
20.3 
2^.0 
22.0 
26.3 
31.5 
29.5 
IU.5 
15.3 
15.3 
16.3 
18.0 
18.0 
82.3 
9h,k 
88.6 
53.li 
57.3 
55.7 
58.li 
50.0 
61.8 
h$.3 
h6,0 
k6.7 
U9.0 
U3.7 
U5.7 
h7.7 
i;8.0 
lt9.0 
it7.3 
U5.7 
it7.3 
li5.3 
U6,0 
14.6.0 
lt3.3 
U6.3 
lUt.O 
37.3 
38.0 
37.3 
36.8 
37.5 
3U.5 
3h.O 
37.3 
32.0 
92.9 
9li.7 
88.6 
86.6 
87.0 
92.7 
89.it 
95.7 
88.6 
ij.5.0 
lt7.7 
it8.0 
k$.3 
U8.0 
h7.3 
li8.3 
it7.3 
ii6,3 
39.7 
k6,7 
h$.3 
ltl,0 
U6.3 
U6,7 
li3.3 
U7.0 
ij6.0 
37.3 
35.8 
36^0 
3U.5 
37.5 
35.5 
35.7 
37.7 
36.0 
91.7 
85.9 
89.1 
88.6 
95.8 
92.8 
9li.lt 
98Jt 
103.9 
U8.0 
2i6.3 
li7.0 
hB^O 
U8.7 
U8.7 
U6.3 
U7.3 
ii7.0 
h6,3 
Ii6.7 
h6,7 
li3.7 
147.0 
U6.0 
it3.7 
liU.3 
U7.6 
37.3 
37.3 
36.5 
35.5 
36.5 
•36.5 
37.7 
35.0 
33.7 
81.2 
87.2 
85.a 
89.0 
93.3 
89.1 
8i}..6 
86.]i 
91.7 
k6,7 
lt'7.7 
lt7.3 
li6.7 
h7.7 
h7*3 
hk,7 
ii8.3 
U6.0 
hp,0 
U6.0 
it3.3 
li3.7 
lil|.0 
1+5.7 
iiO.7 
li7.7 
k6,3 
37.5 
37.8 
35.8 
31;.8 
3l;.5 
3i;.3 
3U.7 
32.7 
35.7 
85.9 
80.7 
60.0 
79.2 
93.1 
95.8 
87.2 
9li.9 
93.3 
three replicates at Ams and Kanawha and of fotir replicates at Ankeny, Forty seeds ^ re 
and Kanawha, and 5o were planted at Ames, 

Figure 3» Summary of stand coimt data from lindane and fungicide 
seed treatments applied with methyl cellulose and 
planted at two locations. The higher dosages of 
lindane caused no appreciable stand reductions when 
this method of application was employed on a sensitive 
hybrid. 
•a /> 
FUNGICIDE BHi0RTH0 406 ^^ARASANSF 
PIONEER HYBRID 379 -1952 50 
45 -
K A N A W H A  A N K E N Y  
40-
EQUIVALENTS OF 25% LINDANE POWDER PER BUSHEL OF SEED 
Figure 4, Summary of yield data from lindane and fungicide 
seed treatments applied with methyl cellulose and 
planted in two locations# The yields of a sensitive 
hybrid were good following all treatments, including 
those receiving lindane at double the dosage recom­
mended for commercial use# 
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Figure 5<» Summary of stand count data from lindane seed treat­
ments applied in acetone solutions and planted at 
two locations. There was a progressive decrease in 
stand as the dosage of lindane was increased, regard­
less of the presence or absence of a fungicide. 
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EQUIVALENTS OF 25% LINDANE POWDER PER BUSHEL OF SEED 
Figure 6. Suinniary of yield data from lindane treatments applied 
in acetone solutions and planted at two locations» 
These results parallel the stand coiint data in that 
the increasing dosages of lindane gave corresponding 
reductions# 
"e ATK 
NO FUNGICIDE ORTHO 406 888881 ARASAN SF 
PIONEER HYBRID 379 - 1952 
ANKENY KANAWHA 
EQUIVALENTS OF 25% LINDANE POWDER PER BUSHEL OF SEED 
Figure 7. Sioiumary of stand count data from lindane seed treat­
ments applied at comparable dosages with acetone and 
methyl cellulose, respectively, on Pioneer Hybrid 379. 
Pioneer Hybrid 339, a less sensitive hybrid, did not 
show this sharp contrast between the two methods of 
lindane application. 
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increased. There were only about one-jaalf the expected number 
of plants and correspondingly reduced yields in the high lindane 
treatments# There was an obvious positive correlation betv/een 
yields and stands in these treatments. Injury from lindane 
applied in solution was evident at all three locations. Con­
versely, laethocel treatments gave con^iarable results to those 
of the controls, regardless of the lindane level. In this 
respect Hybrid 379 compared closely with Hybrid 339. 
Swift (1952) v/orking with these Bame seed lots concluded 
that acetone in combination with lindane was injurious on 
Hybrid 379, but the injury reported here under field conditions 
after 5 months of storage was more pronounced. The relationships 
of acetone and methocel in regard to lindane injury on Hybrid 
379 in the field are shown graphically in Figure 3 to 7, in­
clusive. The plantings at Kanawha and Ankeny were from lots 
held at different storage temperatures, but the results from 
the insectary garden showed that the temperature influence was 
not important under the conditions of these experiments. 
Corn series VII 
This experiment was set up to investigate seed-corn maggot 
control with seed treatment. Fish meal was applied over the 
rows as an attractant for ovipositing flies. B"'or some reason 
a heavy maggot infestation did not materialize, although con­
ditions appeared to favor it. The soil temperature during ger­
mination averaged 56°F and rains were frequent. 
Table 2^» Analysis of vaniance of the stand counts of Corn series VII planted in the insectary 
g a r d s  n — .  i f
Source of variation Degrees of freedom Sura of squa3:*es Ifean squares F value 
Whole plot 
Replicates 3 
Fungicide 1 
Experimental error 3 
Sub-plot 
Insecticides 9 
Fungicides x insect­
icides 9 
Experimental error !>h 
369. Ih 
U277.81 
25U.2I+ 
7U8.07 
3ii6o.62 
965^  J49 
123.0^  
U277.81 
8U.75 
60,62 
83.12 
61u09 
50»ll.8"5Hf 
N.Si 
N.S. 
H H O 
abtal 79 
'-4'«-Signtficant at the 1 per cent level. 
l^The data on which this analysis is based are presented in Table 133 of the Appendix. 
Ill 
The analysis of variance shown in Table 25 siaows that this 
experiment was most indicative as a fungicide test. There was 
a significant increase in stand when the captan treatments were 
compared with no fungicide treatments, even though the design 
of the experiment de-emphasized this comparison. This increase 
was not large but it was fairly consistent. 
Soybean series I 
In this series 11 insecticide seed treatments were com­
pared with an lontreated control in a field test with Blackhawk 
soybeans. Statistical analyses of final emergence and mean 
emergence period data are presented in Tables 26 and 27, res­
pectively. Data for Dow DH-111 were omitted from the analyses 
because three of the eight replications of this treatment have 
no emergence. 
A comparison of this experiment with the field test of 
Corn series III shows that the reductions in emergence by some 
insecticides were more pronounced with soybeans than with corn. 
Malathion and Dow DN-111 appeared relatively sal'e when used on 
corn but were definitely phytotoxic to soybeans. When the in­
secticide treatments were compared with the control all except 
Ortho HL-609 and Benzahex significantly decreased final emer­
gence, and all except Benzahex and aldrin significantly in­
creased the mean emergence period. 
The BHC treatments gave surprising resiilts. Some BHC 
isomers other than the gamma are supposed to be highly phyto­
toxic. Yet in this experiment Isotox, a lindane formulation. 
Table 26, Analysis of variance of tlie stand coimt data of Soybean series I planted in the 
insectary garden at Ames—19^2,3/ 
Source of variation Degrees of freedom Sxuns of squares Ifean squares F value 
IlepHcates 7 3658.35 522.62 
Treatments 10 10U21,57 10^2,16 214,16-"-^^ 
Control vs. treatinents 1 1025.57 1025.57 23.78-:«f-
Among treatments 9 9396.00 lOUU.OO 2U,20iHf 
Experimental error 70 3019• 52 143.lit 
Total ~ ST 17099.UU 
-•Hs-Significant at the 1 per cent level, 
vSuiimary of treatment means 
IKreatment Isotox Ortho nL-609 Benzahex Heptachlor Aldrdj\ Dieldrin DuPont EPN-300 DuPont WPD 
Mean 71.00 8U.25 02.88 63.88 68.38 69.25 61.50 7^ 1.63 
Malathion Metacide Control 
hh*^0 7U.75^  ^ 61.38 
Standard error of the mean = 2.32 Ifean difference required for significance at the 
5 per cent leveli^ = 6.53 
Standard error of the mean difference - 3.28 
I-fean difference reqjilred for significance at tlie 
1 per cent leveliy = 8.66 
•3/T!:)e data on which this analysis is based are presented in Tablei Sh of the Appendix. 
^For comparing treatment means with tte control n»an. 
H H W 
Table 27. Analysis of variance of the mean emergence period data of Soybean series I planted 
in the insectary garden at Ames—19^ 2.1/ 
Source of variation Degrees of freedom Sum of squares f-Sean square s F value 
RepHcates 7 1 1.3^  0.19 
Treatments 10 3.8U 0.38 
Control vs. treatments 1 1.73 1.73 2l4.U7'^  
Among treatments 9 2.11 0,23 3.33^ ^^  ^
Experiiaental error 70 ii.9U 0.07 
Total nr? 10«13 
"-^ Significant at the 1 per cent level. 
vSummary of treatment means 
Treatment Isotox Orth HL-609 Benzahex Heptachlor Aldrin Dieldrin Ihil'ont EPN DuPont NPD 
Ifean 7.11 6.91 6.80 7«03 6^ 82 6.93 7.15 6.99 
Malathion Metacide Control 
7.38 7.03 <5.53 
Standard error of the mean - 0.09 Ifean difference required for significance at tlie 
per cent level^ = 0.27 
Standard error of the mean difference = 0.133 
f-fean difference required for significance at tlie 
1 per cent level^  = 0.3^  
l/uhe data on irhich tliis analysis is based are presented in Table of the Apendix. 
Z/foT comparing treatment means vrith tlie control mean. 
il4 
gave some plant injury, whereas Benzahex, a formulation con­
taining about 5 per cent of isoiaers other than the gamma gave 
emergence as good as that of the untreated control. Ortho 
HIi-609, another lindane preparation, gave satisfactory total 
stands but significantly delayed seedling emergence# 
Soybean series IV 
This series was a preliminary phytotoxicity test in eight 
insecticides which as wettable po-ssder formulations were used 
at varying dosages, either with or without a fungicide, on 
Lincoln soybeans. In addition 1-ounce dosages of emulsifiable 
concentrate fomialations of all the insecticides except isodrin 
were included. This series was planted at two different loca­
tions in 1953. 
None of the insecticides was severely injurious to soybeans 
at either location. At Ames the 2-ounce levels apparently gave 
slight stand reductions. Any higher dosage of insecticide 
would not seem advisable for commercial use, especially if the 
chemical were put on the seed as a dry mix with variable cover­
age. The insecticide-fungicide combinations apparently were 
coc^jatible, but none of them appeared to increase the total 
emergence. The emulsifiable concentrates compared favorably 
with the same levels of wettable powders where both types of 
fonmilations were included. 
Soybean series V 
This series was designed to give information on the value 
of seed treatment on soybeans for protection against the seed-
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Table 28. Stunmaiy of stand cotaibs frcm sojfbean series Tf 
planted at ^ s and Aiikensr - 1953 • 
Treatmeufci/ 
lean stand cotmts^  
Ames Aitkeqy 
Controls 
1. Untreated 
2, Captan 
3« lEhiram 
L3,Tidane 
76.8 
76.0 
76.3 
7i;.3 
75.0 
75.8 
h. 2 OZ* wettable powder 70.8 73.5 
5. 1 oz. wettable powder 73.5 75.5 
6. 1 a oz. wettable powder 7ii.O 7lt.5 
f * c oz. wettable powder "r captaix lh.5 A 1 
8. I 
f" 
oz. wettable powder captan 75.8 80.0 
9. oz. wettable powder captan 78,8 80.8 
10. 2 oz. wettable powder + thiram 71.0 77.0 
11. 1 oz. wettable powder thiram 75.0 78.8 
12. 2 oz. wettaTSLe powder thiram 75.0 79.5 
13. 1 oz. enailsifiable concentrate 7lt.5 80.0 
Dieldiln 
lit. 2 
35-
16. 
17. 
18. 
oz» wettable posrder 
o2. "settable poBder 
oz. irettable ponder 
oz. WBttable powder + captan 
oz« enrulsifiable concentrate 
Tozaphene 
19• 2 oz. wettable powder 
1 oz. wettable powder 
2 oz« wettable powder 
1 oz. "HBttable powder • captan 
1 oz. ennilsifiable concentrate 
20. 
21. 
22. 
23. 
p^tachlor 
21}.. 2 o^ . 
25. 1 oz. 
26. § oz. 
27. 1 oz. 
28. 1 oz. 
wettable powder 
wettable powder 
wettable powder 
wettable powder *• captan 
ermilsifiable concenteate 
69.3 
71»8 
75.8 
77.3 
71.8 
76.8 
73.8 
76.0 
76.3 
77.0 
67.8 
73.3 
75.0 
7ii.3 
72.0 
77.0 
77.3 
7it.O 
7it.3 
77.5 
76.0 
78.3 
79.3 
76.0 
79.8 
76.8 
79.5 
76.0 
75.8 
75.3 
2/5 ml. of 2§ per cent methyl cellulose solution were used 
as a sticker for all wettable powder treatments, 
2/ 
— Each value represents the pooled results of four repli­
cates consisting of 100 seeds each. 
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T^ fcle 28. (Continued) 
^an staad counts 
Treatment Aidss Ankery 
Secrystallized aldrin 
29* 2 oz. •srettable powder 70.5 75.5 
30. 1 oz» "wettable porader 7li*5 80,5 
31* i oz, "BBttable powder 75*3 76,0 
32» 1 o2» trettable powder + capfcan 73*8 79.3 
33* 1 02. ejjmlsifiable concentrate 75-3 77.0 
Isodrin 
3I1.. 2 03, •srettable powder 68«3 72#3 
35. 1 o2« wettable ponder 71.8 76.0 
36» i ozt wettable posder 70.3 70.5 
37• 1 02. Tsettable poi?der + captan 77.8 79.8 
Ghlordane 
38. 2 OS. lettable powder 70.8 79*3 
39. 1 02. -wettable powder 70.0 8O.O 
ItO. i 02. -Hettable powder 71.0 77.5 
hl» 1 02. "wettable powder + captan 75.8 76.3 
kZ, 1 02. eimiLsifiable concentrate 76.5 76.5 
Diazinon 
h3^ 2 02. wettable powder 67.3 7h»$ 
lUt. 1 o2« wettable powder 71.8 73.0 
3 02. -wettable powder 72.5 80,0 
J46. 1 02. Trettable powder + c^ jtan 76.3 79»0 
li7. 1 02. emolsifiable concentrate 70.8 7ii«8 
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Table 29» Summary of results from soybean series Y planted at Glasdnda -
1953. 
lieaa namber of plantsj/ 
Ko. Treatment Blackhasrk Haakeye lincoln Adams Clark 
1. Control 78.8 75.0 52.0 7ii.3 59.7 
2. Csrotan control 77.5 66.8 57.7 71.8 55.3 
3. § 02. of lindane 89.8 7lt.5 66 »0 76.5 65.5 
h. 1 05S» of lindane 89.5 80.5 63.5 81.5 61;.5 
5. 1 oz. of lindane + 
captan 
93.8 91.5 73.8 80.8 71.5 
6. 2 oz, of lindane + 
captan 
86.7 90.5 66.0 83.5 67.5 
7. 1 oz. of dieldiln 87.8 8U.5 71.3 81.8 70.5 
8. 1 oz, of heptachlor 88.0 8U,0 67.3 82.5 67.3 
9. 1 oz. of toaaphene 80.8 79.3 66.5 70.0 61.3 
i/Each value represents the pooled resiilts of foxir replicates consisting 
of 100 seeds each. 
Table 30« Summary of resxilta fran Soybean series V planted at Greaco, Kanavrtia, and 
independence - 19^  . 
l^ an number of planfsi' 
Oresco Kanawha Independence 
No. Treatment Blackhawk Hawkeye liincoln Aiiam's 
1 1 Clark 
1. Control 76.3 56.8 6U,3 90.0 73.3 
2. Oaptan control IZS 79.3 61.3 71.8 92.0 73.0 
3.  ^025. of lindane 89,0 80.0 65.8 76.8 92.0 75.0 
k. 1 oz, of lindane 8U»3 83.5 69.3 76.3 91.0 76.5 
1 oz. of lindane + 
oaptan 
8^.3 91.0 66.3 76.5 92.8 75.3 
6, 2 oa. of lindane + 
oaptan 
91.8 89.5 72.8 7U.5 88.8 76.5 
1* 1 oz» of dieldrin 83.5 85.3 71.8 79.8 85.8 73.3 
8» 1 oz» of heptaohlor 88,5 85.3 76.3 82.8 88,0 72.5 
9. 1 oz# of toxaphene 86,5 85.0 68,8 71.0 91.3 72.5 
3/Eaoli value represents the pooled results of four replicates consisting of 100 seeds each* 
119 
corn maggot. Visual inspection siiggested that maggot damage 
could not be considered severe at any of the four locationso 
Apparently there was more maggot injury at Cresco and Clarinda 
than at the other locations. There was ssattered damage at 
Independence but the plot at Kanawha showed no reduction in 
stand attributable to maggots. 
The insecticide treatments appeared to give increased 
stands where maggots were present in sufficient numbers to 
cause damage. Even the ^ oiznce level of lindane gave indications 
of maggot control. Lindane at the excessive dosage of 2 ounces 
of actual insecticide per bushel was not phytotoxic to any 
extent at any of the locations. The ini'luence of captan where 
it was used in combination with lindane was variable. The 
captan control did not significantly increase the stand where 
this treatment was compared with the untreated control. 
No important differences were noticed among the stands 
from the 1-ounce dosages of lindane, dieldrin, and heptachlor, 
respectively. However, in some of the plots at Cresco and 
Clarinda toxaphene did not appear to give as much protection 
against maggots. The stands in the toxaphene treatments were 
not much higher than those of the control treatment where maggot 
damage was present. 
Soybean series VI 
This series involved three levels of three different in­
secticides. To obtain information on seed-corn maggot control 
120 
these were tested in three field tests in 1954. The influence 
of captan in comhination with these insecticides was also 
studied. Pish meal was used as an attractant for ovipositing 
flies at all locations. However the presence of maggots was 
not detected at Ames nor at Oresco where fish meal was placed 
on top of the rows. Maggot injury was present at Independence 
where the bait was placed in the row and covered with soil. 
Therefore the data for the different locations are presented 
in separate tables. 
The test at Cresco was hindered by uncontrollable factors. 
The soil type was such that a good seed bed was difficult to 
prepare. The plots had small areas where the seedlings had 
not yet emerged at the time stand counts were taken, even 
though the rest of the rows had plants 2 to 3 inches tall. 
The results at this location do not allow any final conclusions. 
The differences within replicates at Ames could be attributed 
to better stands in the fungicide treatments than in the no 
fungicide treatments. The insecticide treatments gave statis­
tically significant differences when compared among themselves, 
but not when compared with the untreated controls. A breakdown 
of the analysis showed that the insecticide and fungicide treat­
ments were not independent in their actions. Most of this 
interaction could be attributed to Diazinon when it was used 
without captan. In these plots the emergence was noticeably 
low. All three insecticides showed stand reductions at the 
1-ounce levels v/ithout captan but Diazinon gave the largest 
reduction. 
i2i 
Table 31 • Stmsnaiy of stand count results frm soy-. 
bean senes VI planted at Cresco -19^lid/ 
insecticide Bungicide treatment 
No« treatmeat No fungicide Captan 
1. Sto insecticide l5l«8 1^ 9 
2, 1/3 oz, of lindane l6p.:8 16U.5 
3» 2/3 oz. of lindane l59»8 161.5 
h* 1 oz« of lindane l6l,8 160,0 
5« 1/3 oz. of heptachlor 1^ 7.5 162.3 
6. 2/3 oz. of heptachlor l^ li.S 1^ 8.5 
7. 1 oz. of heptachlor 1^ 7.8 li^ 9.8 
8. 1/3 oz. of Diazinon 1U6.0 li4.3.3 
9. 2/3 oz. of Diazinon i!i7.5 l55»3 
10. 1 oz, of Diazinon iSh-^  1^ 9.8 
Z/Each value represents the pooled results of 
four replicates consisting of 200 seeds each. 
Table 32. AnalyBis of variance of the stand counts fiw Soybean aeries VI planted at ^ Qs—lSShM 
Source of variation Degrees of ft^edom Sum of squares Mean squares F value 
VJhole plot 
Replicates 3 
Fungicides 1 
Experimental error (a)3 
Sub-plot 
Treatanents 9 
Controls vs, treatments 
Insecticides 
Levels of insecticides 
Levels x insecticides 
Treatjnezits x fungicides 9 
(Controls vs. ti^atments) 
X fungicide 
Insecticides x fungicides 
(controls omitted) 
Levels X f\mgicides 
(controls omitted) 
Levels x insecticides 
X fungicides 
(controls omitted) 
Experimental error (b)5U 
1 
2 
2 
h 
1 
2 
2 
701.2i+ 
1990.01 
23,3h 
1909.^ 2 
1936.78 
U^ Ul.OO 
3.07 
1292.^ 3 
2^ 7.70 
3^6.21 
32.00 
058.87 
906.36 
139.^ 6 
233.75 
1990.01 
7.78 
212,17 
215.19 
8U.09 
3.07 
6k^a9 
128.85 
89.05 
32.00 
U53.18 
3I1.89 
255.79^ Hf 
2.52^  ^
M.S. 
7,69-:h;-
N.S. 
N.S. 
2.56^  ^
M.S. 
5.1P-H:-
5.39'^ i'^ '' 
N.S. 
"To^ HI 79 11101,89 " ' 
-»Signifleant at the 5 per cent level, 
-«'^ iSignificant at the 1 per cent level', 
i/The data on vjhich this analysis is based are presented in Table 56 of the Appendix. 
Table 33* Interactions of treatronts in Soybean series VI planted at Ames—19^U. 
Insecticides x fimgicides (controls omitted) 
Lindane Keptachlor Diazinon 
Captan 2155 21U8 2131 
No funfiioide 2073 2091 1887 
Difference 62 57 2UU 
Insecticides x fungicides (controls omitted) 
Lindane lleptachloi' Diazinon 
1/3 oz. 2/3 oz« 1 oz. 1/3 oz, 2/3 oz. 1 oz. 1^ 3 oz, 2/3 oz. 1 oz, 
Captan 689 72U 7h2 681 717 750 700 713 718 
No fungicide 673 709 691 708 707 676 6U9 638 600 
Difference 16 15 51 -27 10 7k 51 75 118 
TablB 3U. Analysis o.f variance .of the stand counts for Soybean fjeries VI planted at 
Independence—Ip^h.i' 
Source of variation Degress of freedom Sura of squares tfean squares F value 
Who Is 
Replicates 3 lhZ6»$0 U75.50 
Fungicides 1 16.20 16.20 N.S. 
Experimental error (a) 3 no.10 26.70 
Sub-plot 
2671.20 296.80 Treatments 9 * 
Control vs. treatnients 1 1960.20 1960.20 31.53«* 
Insecticides 2 289.75^ 1J4U.88 N.S, 
Ijevels of insecticides 2 133.19 66»6o N.S. 
Levels x insecticides u 288.06 72.02 N.S. 
Treatments x funRicides 9 699.30 77.70 N.S. 
(Control vs. treatments) 
X fungicides 1 U.36 ii.36 N.S, 
Insecticide x fungicides 
(control omitted) 2 22.86 ll.ii3 N.S. 
Levels x fungicides 
(control omitted) 2 52.92 26 »U6 N.S, 
levels X insecticides 
X fungicides 
(control omitted) h 619.16 15U.79 N.S, 
Experimental error (b) 33^6,90 62.16 
825D.20 79 
•«-!'-5ignificant at the 1 per cent level. 
^/tHq data on which this analysis is based are presented in Table of the Appendix. 
Figure 3. Seed-corn maggot damage to soybeans at Independence 
in 1954, The row with the empty spaces in the center 
of the picture is a control. The row with an even 
stand in the background was grown from heptachlor-
treated seeds 

F'igure 9. Seed-corn maggot damage to soybeans at Independence 
in 1954, The control in the center shows severe 
stunting, while a lindane treatment in the background 
shows plant growth typical of most of the insecticide 
treatments# 
i26b 
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Over the entire plot at Independence eniergence was only 
about 45 per cent. Whether or not the fish meal placed in the 
rows interferred with geraiination was not determined. The 
plots planted with insecticide-treated seed showed significantly 
higher stand coiints than the control rows. There was no large 
difference in performance of the three insecticides at any of 
the three levels. The addition of fiingicide failed to sig­
nificantly influence seedling emergence under the conditions 
of this test. 
Both at Ames and Independence, Diazinon without a fun­
gicide gave contrasting results. At Ames there appeared to be 
some phytotoxicity, especially at the high level as explained 
above. At Independence this injury was not pronounced, pos­
sibly because the protection afforded by this insecticide 
against maggots was sufficient to overcome the plant injury. 
Heptachlor and lindane were not conspiciously injurious at 
Ames, and both exhibited a significant amount of seed-corn 
maggot control at Independence. 
Soybean series VII 
Four insecticides were used on Lincoln soybeans to study 
the effects of these chemicals on nodule-forming bacteria. 
Planting was in hills spaced 2 feet apart to minimize coinpeti-
tion among hills. The plots were hand-harvested, and bean 
# 
samples were analyzed for oil content and iodine number of the 
t 
oil. 
Table 35• Analysis of variance of tho iodine number determination data of Soybean series VII 
grown in tte insectary garden—19fj3oi' 
Source of variation Degrees of freedom s\m of squares Mean squares F value 
Replicates 2 0.87 o.I4U 
Inoculations 1 9.63 9.63 12.0U«^<-
Treatments 
Controls vs. treatments 
Among treatments 
u 
1 
3 
8.3li 
U.81 
3.33 
2.0U 
lu8l 
1.11 
n.s. 
6.13^^ 
n.s. 
Inoculation x treatments h 9.87 2.U7 3.09* 
Experimental error 18 lU.U6 0.60 
Total 29 U2.97 
-^Significant at the $ per cent level. 
•sHfSignifleant at tlie 1 per cent level. 
Interaction table of treatments and Inoculations 
Control Lindane Dieldrin Toxaphene Heptachlor 
No inoculation 377 
Inoculation 37^ 
38^ 
37^ 
381 
378 
381 
379 
380 
380 
Difference 2 10 3 2 0 
3/The data on which this analysis is based are presented in Table ^8 of the Appendix 
Table ^6, Ana!lysis of variance of the oil-content determinationB of Soybean series VII. grown 
in the insectary garden—19^3 •2/ 
Sowoe of variation Degrees of freedom Sum of squares I'fean squares F value 
Replicates 2 0,0607 0,030U 
Inoculations 1 0.0963 0.0963 N.S. 
TreaUients 0.2713 0.0678 N.S. 
Control vs. treatments 1 0.0001 0.0001 N.S. 
Among treatments 3 0.2712 0,090ii N.S. 
Inoailation x treatment U I.U75I+ 0.3685 N.S. 
F.xperiraental error l8 3.^860 1.1992 
Total 29 5.U897 
i/The data on which this analysis is based are presented in Table ;?8 of the appendix. 
Tabls 37, Analysis of variance of/tlie yield data from Soybean series VII grown in the 
insectary garden—19^3^ 
So-urce of variation Degrees of freedom Sura of squares Mean squares F value 
Replicates ^ 1773^.02 3^U7.ooo 
Inoculations 1 10709.37 10709.37 $.90^ 
Bceatments U lli066,0^ 
313-7.60 
35^16.^1 N.s. 
Controls vs. treatments 1 3117.60 N.S. 
Among treatments 3 ]j09li8.U5J 36U9.h8 N.s. 
Inoculation x treatments U 3X)li49.Ul| 2^31,36 
Fixperimental error 81621.80 1813.82 
Total 59 13U281,68 
-insignificant at the ^ per cent level. 
2/The data on which this analysis is based are presented in TaM^ ^9 of the Appendix. 
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There was considerable variation in the yield data from 
these plots. However the inoculated treatments showed statis­
tically significant yield increases when compared with the 
non-inoculated treatments. There were no significant differ­
ences among the treatments, nor between the insecticide treat­
ments and the control. In the oil content analyses none of 
the comparisons made showed significant differences. 
When the iodine number data were analyzed it was found 
that inoculation lowered the iodine number significantly at 
the 1 per cent level. Also the controls gave readings sig­
nificantly lower than those from the insecticide treatments. 
Biirthermore the effects of the chemical treatments and the in­
oculations were not independent. The interaction table shows 
that most of the heterogeneity could be attributed to lindane, 
which gave beans with oil showing an increased iodine number 
when it was used without inoculation. 
The increase of the iodine nxmber by the application of 
insecticides is probably not of commercial importance. However 
it is of interest to note that the very small amounts of chem­
icals used as seed treatments were sufficient to alter the 
chemical nature of the resulting seed. The explanation for 
this increase is not known. 
Field Scale Seed Treatment Experiments 
Blairsbxirg experiment (corn) 
The seed treatments en^jloyed here are given in Table 38. 
At the time of planting the weights of the seed remnants 
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Indicated tJaat tiie rate of planting had been approximately the 
same for all treatments. This allowed the differences in stands 
to be attributed mainly to the influence of the insecticides 
as they directly influenced germination, and as they protected 
the seed from wireworm injiary. 
The data in Table 38 show that there was little or no dif­
ference in wireworm catches which was not attributable to nor­
mal variations in sampling. Apparently the insecticides were 
safe to the seed, but either there were few wireworms or the 
protection was inadequate. A look at the bait traps results 
reveals that over the entire experimental area the average 
number of elaterids per trap was less than one. This was at­
tributed to reduced wireworm activity rather than lack of at­
tractiveness of the baits. 
The attractiveness of spoiled corn for wireworms was 
slightly superior to that of the meal-flour mixture. The de­
caying corn was more economical and also had a more suitable 
consistency when checked. The feeding activity of the wire-
worms in this field declined as the weather became hotter and 
dryer. However this decline was not as pronounced as will 
presently be described for an experiment at Centerville. The 
peat soil in the Blairsburg field retained moisttire relatively 
well, and it was located about 120 miles north of Centerville. 
Of the 786 larvae taken in these traps 379 were identi­
fied as Melanotus communis and 407 as Agriotes mancus. These 
identifications were not verified by an authority but comparisons 
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T^le 38. Summary of field scale seed treatiiieart; espsidment on the 
control of "wireTOrms attacking com at Blairsbxirg - 19^2, 
Treatme^ and 
dosage^ 
Msan 
no. 
plant^ 
M112/ 
Type 
of 
bait 
No. elaterids 
Dog Dug 
July July 
8 28 
f rem 20 bait-traps 
Dug Dug 
Aug. Aug. 
16 26 Total 
Lindane (lii* 
oz. active 
per bu.) 
3.3 com 
mixed 
29 
2k 
17 
16 
8 
7 
7 
7 
61 
hk 
Aldjpin (3 oz. 
active per 
bu.) 
3.1 com 
mixed 
3k 
27 
17 
5 
7 
6 
10 
2 
68 
Uo 
Dieldrin (Itg-
oz, 2$% active 
per bu.) 
3.1 com 
mixed 
28 
15 
22 
20 
9 
h 
8 
3 
67 
U2 
Heptachlor 
(i}.| oz, 25^ 
active per bu.) 
3.1 com 
mixed 
27 
20 
12 
11 
6 
0 
lU 
8 
59 
39 
Ortho Seed Guard 
(1 pt. 2.7^ lindanft 
& captan per 
bu.) 
3.1i com 
mixed 
27 
28 
15 
12 
6 
2 
Ik 
6 
62 
U8 
Ortho HL-609 (i|.| 
oz. 2$% lindaito 
& 50^ captan 
per bu.) 
3.h com 
mixed 
21 
21 
10 
10 
9 
h 
h 
6 
uu la 
Tozaphene (3 oz. 
UQ^ active per 
bu.) 
2.9 com 
mixed 
31 
2li 
Hi 
Ih 
8 
8 
9 
6 
62 
52 
Goniarol 3.1 com 
mixed 
39 
22 
18 
10 
h 
6 
3 
5 
6lt 
U3 
Total 
— com 
mixed 
236 
171 
125 
98 
57 
37 
69 
k3 
U87 
3U9 
w 
l/The sticker for all treatments inclttding the control -was 1 l/3 cups 
I)er biishel of 2^  per cent methyl cellulose. All iMecticides vere 
Tsrettable pcswder foiiirulations. 
2/Each Tralue represents the pooled results of four replicates. 
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were nade with specimens that had been so identified# Ao mancus 
was even more in the majority in the pupal and adult stages. 
Pupae were first observed on July 29, and both adults and pupae 
were found in the diggings on August 16 and 26, respectively. 
Of the 43 pupae collected, 33 were A» laancus and 10 were M» 
coinmunisa Seven adults of the former were in the baits when 
the traps were dug. This predominance of A. mancus adults 
and pupae can perhaps be explained by this species having a 
three-year life cycle and the yield being in third-year corn, 
i!' coQgnmais often requires 7 years from egg to adult. 
Cresco experiment (corn) 
This experiment did not show enough wireworm damage to 
evaluate the treatments satisfactorily. All the insecticide 
treatments had slightly higher average stand counts than their 
corresponding controls, but it is doubtful that this increase 
was sufficient to be reflected in higher yields. The stand 
of corn throughout the field was sufficient for the fertility 
level in it. 
More wireworms were taken from the control strips but the 
differences were not large between treatments and controls. 
The bait trap settings were spaced less than 1 month apart, 
but there apparently was a decline in wireworm activity during 
this interval. The wireworms taken from the traps were about 
equally distributed between M. communis and A. manus. with the 
latter commonly represented in the pupal stage in both sets 
of traps. 
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Table 39* Stamsary of results •with four insecticide seed treat­
ments to protect germinating com from •Birewoms at 
Cresco - 1952. 
Treatment . Mean no. plants go. of elaterids from 32 bait-traps 
and dosageV pgy hill^/ Dug Jtily 18 Dug Aug, 12 Total 
LandaTie {lt| oz. 
of 7$% active 
per bushel) 3*ij- 39 22 6l 
Control 3*1 63 21 SU 
ATdrin (2^  oz, 
of ^ 0^  active 
per btishel) 3*3 59 33 92 
Control 3»1 69 U9 118 
Heptachlor (hk oz, 
of 25^  active 
per bushel) 3*1 39 22 61 
Control 3,0 71 2h 9$ 
Dieldrin (Ui- oz, 
of 2$% active 
per bxashel) 3-2 31 32 63 
Control 3.1 38 36 7U 
I/aII insecticides trere urettable porader f oimulations ans Tvere coated on 
the seed wi-Ui 2§ per cent methyl cellulose solution., 
£/Each valTae represents the pooled results of four replicates. 
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Gentei^llle experiment 
This experiment consisted of four different soil treat­
ments, in addition to a standard lindane seed treatment which 
•was used throughout the field. Plots without the seed treatment 
would have been desirable, but the farmer was unwillizig to in­
clude them in view of his earlier loss of stand. Seed treatment 
alone did not give satisfactory protection to the first planting, 
nor did it completely protect the second planting where soil 
applications were not used. 
The analysis of variance in Table 40 shows that the stands 
for all three of the insecticide treatments were significantly 
better than that of the control at the 5 per cent level of 
significance. The three insecticides showed little difference 
in respect to stand when compared among themselves. The yield 
data gave no statistically significant differences, due to ex­
cessive variation among samples within replicates. 
Observations indicated that the data did not give a true 
representation of the differences in this field. This was due 
to the small number of replications, and typical variations in 
the wireworm infestation over the field. The heavier wireworm 
populations were confined to the higher areas. Thus the tin-
sprayed area in one replication had a higher yield than the 
corresponding control in the other replication. In the heavier 
infestation the control strip could readily be picked out by 
visual inspection. The overall yield from the field was ex­
cellent, since the owner reported a yield of about 95 bushels 
Table Uo, Analysis of variance of tlio stand counts from the combined soil and seed treateient 
experiment at Centerville—19^2if 
Source of variation Degrees of freedom Sum of squares Ifean squares F value 
Replicates 1 
Treatments 3 
Control vs. treatments 
Amng treatments 
Experimental error 3 
SamplinK error 2h 
1 
2 
91.13 
270»2^ 
2^ .13 
-3$7.U9 
75U.OO 
2^ 3.^ 0 
16,75 
91.13 
90.08 
8.38 
2^ 3.^  
16.75 
10.75^ --
30.25«-
N.S. 
Total 31 
•K-Significant at the $ per cent level. 
Summary of treatment means 
l^eatments BHG Chlordane Aldrin Control 
ifeans 3^.38 36.00 3U.00 28,63 
Standard error of the mean - 1,02 
Standard error of tlie mean difference = 1.U5 
ffean difference required for significance at the 
5 per cent level^ - U.61 
data on which this analysis is based are presented in TabUje 6o of the Appendix* 
^For comparing treatment means with the control mean. 
Table Ul, Analysie of variance of the corn^ield data from tlie combined soil and seed treatment 
experiment at Centerville—19^23/ 
So\irce of variation Degrees of freedom SuTil of squares Jfean squares F value 
Replicates 1 162,00 162,00 
Treatjiients 3 1129.29 376.^3 N.S. 
Control vs. treatments 1 109U.35 IO9U.35 N.S. 
Among treatments 2 3U.Wi 17.22 N.S. 
Experimental error 3 1105.19 368.Uo 
Sampling error 2k 2207.81 91.99 H 
oi Total 31 
Siunmary of treatment means 
T'reatanent BHC Clilordane Aldrin Gontroi 
Means 10g.6i| 102.71 103 *98 90«5() 
Ifean difference required for significance at tlis 
per cent IbvoI^/ = 30. 
Standard error of tlie means =6,78 
Standard error of the mean difference - 9.6o 
i/The data on which this analysis is based are presented in TabHs 6o of the Appendix 
S/por comparing treatiwent means with the control niean. 
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Table li2. Srnnmary of mrewom coiints frcm bait-traps in the 
combiiiation soil and seed treatment experiment at 
Genterville - 19^2. 
No. Tsirewoims from hO bait-traps 
Treatmejifc . Type qf Dug Dug Dag 
and dosage-' baii^' July 12 Aiig. 19 Se^. 12 Total 
(2 lb. gamma 
isomer/acre) com 
saxtore 
13 
Y 
0 
1 
17 
10 
Chlordane (2 lb. 
active/acre) 
Aldrin (2 lb. 
active/acre) 
com 
mijcfctire 
cam 
Hdxtxire 
9 
10 
h 
1 
25 
15 
10 
9 
8 
2 
J 
h2 
27 
17 
11 
No soil 
trea-toent com 
mixture 
30 
23 
320 
65 
h 
2 
35ii 
90 
Total com kl 368 15 14^30 
uiixture 36 96 6 138 
568 
1 /  
— All soil treaiments "were emulsifiable concentrates mixed mth "water, 
sprayed broadcast, and disked before replanting. Throughofut the 
field lindane isas applied to the seed at the rate of Irl oz. of 25 
per cent po'wder per bushel. 
2/ 
z! The com bait consisted of about 120 ml. of autoclaved spoiled com 
per bait trap, "while the laixture "was roughly 80 ml, of equal parts 
of wheat graham flour and com meal. 
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per acre. Under less favorable growing conditions an even 
greater difference might iaave been present between tiie treat­
ments and tlie control. The farmer was convinced of the benefit 
of the treatments when he found numerous dead and moribund wire-
worms on the soil surface in the treated plots. 
Examination of the bait trap catches reveals an average 
for the season of only 0.59 elaterids per trap, but this figure 
is misleading. Preceding the diggings on July 12 and September 
12, respectively, the soil was dry and few wireworms were found. 
The wirev/orms were believed to have been below the baits at 
these times- Frequent rains before the August 19 diggings 
made the soil moisture more favorable. On this date the con­
trol rows showed an average of about five wireworms per trap, 
and 15 or more larvae were commonly taken in one bait. The 
average catch per trap in the three treated plots on this date 
was about 0»3. Occasionally abnormal appearing wireworms were 
found in the baits from treated rows. Evidently the three soil 
insecticides killed or inactivated a large percentage of the 
wireworms, and up to August 19 at least there was little rein-
vasion of treated soil. 
No attengjt was made to record the number of pupal and 
adult elaterids taken in the traps. Actually few of either 
were found. This is explained by the fact that Melanotus 
communis, a species spending several years in the larval stage, 
was the predominant species in this field of first-year com. 
A/z:riote3 mancus was relatively common, and three or possibly 
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four other species were represented by a total of nine specimens. 
Laboratory E;Q)eriments isith Soil Insects 
The tests with wireworsis and seed-attacking beetles were 
not extensive enough for critical comparisons, especially among 
the levels of lindane employed. Certain trends were indicated 
in some cases, but statistical analyses were not attenjptedo 
The beetles were not selected as to age and consequently 
some of them may have died from natural causes during the exper­
iments. Both wireworms and Agonoderus are cannibalistic, a 
factor that must be considered in the comparisons. Individual 
insects may have found treatments distasteful and turned on 
their companions as a source of food in the confined conditions 
under which they were tested. In the containers v/hich dried 
out cannibalism may also have been practiced to obtain moisture. 
Damage to the seed was not rated as to severity, but the 
injury to seeds and "plants was reflected in the emergence fig­
ures. Often corn seed in the controls had the embryonic region 
destroyed by wireworm feeding, whereas this seldom happened 
following the better insecticide treatments. Plant emergence 
was not recorded in the beetle tests. It was necessary to keep 
the lids on the jars to prevent the beetles from escaping, and 
this probably caused the emergence to be erratic. 
Wireworm tests 
Both tests of the levels of lindane series showed that 
there were more wireworms killed, fewer seeds damaged, and 
Table ii.3« Stunmaiy of re stilts of laboratoiy tests mth five levels . 
of lindane on seed com tested against Tsareiroims ~ 19Bh'I/ 
Total -wireTOims Total seeds Total plants 
level of moribund or dead damaged emerged 
lindane Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 
1. None k 2 29 26 28 2h 
2. 2 ounces 15 11 1 0 3lt 33 
3. 1 ounce lit 12 0 5 30 3h 
li, 1/2 ornice 11 8 ' h 11 31 30 
5. lA ounce 7 7 10 19 26 31 
6. 1/0 ounce ft 0 J. a w 17 in 2*^  
l/Thirty-six t!iresro33iis and 36 seeds tsere used per treatment in each test. 
Table Iji;, Stmanary of results of laboratory tests mth five insecti­
cides as seed com tieatments for protection against Tsire-
wonns - 1951t._f 
Total wirewTDims Total seeds Total plants 
moribund or dead damged onerged 
Treatment Test Test Test Test Test Test 
and dosage 1 2 1 2 1 2 
1, Control 1 2 31 3U 26 20 
2, 1 oz« dieldriiv^u. 2ii 18 8 It 3U 29 
3. 1 oz, tosajaiene/bu. 6 2 32 29 21 28 
h* 1 bz. lindane/bu. 12 16 k 6 3i; 30 
5. 1 oz, DiazinojVbu. 2lt 27 28 30 22 28 
6. 1 oz. heptachlor/feu. 30 28 3 2 33 3li 
1/ 
-.'Thirty-six •vTirewonas and 36 seeds were used per treatment in each test. 
Figure 10* Corn seeds and a seedling showing feeding and damage 
of a common species Qf wireworm, Melanotas communis* 
Under some conditions seed treatment satisfactorily 
prevents tunneling of the seed, but fails to protect 
seedlings from later attack. 
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slightly more plants emerging with higher dosages of lindane 
than with the lower ones. There was little difference in the 
results obtained from the two highest levels# All of the in­
secticide treatments, including those with low dosages of 
lindane, had fewer damaged seeds than the ujatreated control. 
Heptachlor, dieldrin, and lindane gave the best results 
in both tests with 1-ounce dosages of the five insecticides# 
Dieldrin and heptachlor adversely affected a majority of the 
larvae subjected to these treatments. The lindane treatment 
did not give quite as high wireworm kills, but it showed Just 
as few injured seeds as the first two. The inference is that 
lindane expressed part of its seed protection by a repellent 
action. The other two compounds tested less satisfactorily. 
Diazinon ranked high in its killing ability but failed to 
protect the seed from wireworm injury in most cases. Possibly 
it was inactivated in the soil while the test was in progress. 
Toxaphene gave results little better than those of the control. 
Table 45 shows that Agriotes mancus did not feed on any 
of the five varieties of soybeans tested. Also there was re­
latively little damage to the corn seed under the conditions 
of this test, because only nine out of a possible 24 kernels 
showed injury. The greenhouse temperatures were high at the 
time, and perhaps other experimental conditions were not favor­
able for larval feeding by this species. 
Melanotus communis definitely fed on the seed of both 
varieties of soybeans exposed to it. This feeding could not 
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be considered extensive, since few seeds were injured and these 
were not tunneled. Iflfireworms coamonly pierce corn seed entirely 
through the endosperm during their feeding activities# There 
seemed to be a preference for corn in the treatments where both 
kinds of seed were included. 
Table 45. Results of tests comparing soybeans with corn in re­
gard to seed injury by two species of wireworms--1954. 
Number of seed injured^/ 
Type of seed Agriotes mancus Melanotus cormuaia 
Hawkeye 0 mmm 
Blackhawk 0 5 
Lincoln 0 7 
Adams 0 — 
Clark 0 — 
Corn 9 26 
Blackhawk^ Lincoln^ 
and corn 
9 corn 
1 Lincoln 
a/i total of 24 seeds was used with A. mancus and 36 with 
M» eommunis. 
Seed"attacking beetle tests 
Neither of the genera investigated fed actively on seeds 
under the conditions of this teste Usually the damage points 
were more shallow than those caused by wireworms in the previous 
tests. Undoubtedly this was due in part to the shorter duration 
of the beetle experiments. 
Lindane appeared to be more effective against beetles at 
the lower dosages than it is against wireworms. Even in the 
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Table ii6« S-usmary of results of laboratory tests with five levels of 
lindane on corn tested against seed-attacking beetles—19Bhl/ 
Agonoderus spp. C, irroressifrons 
IfiTrel of Total dead Total seeds 
lindane Total dead beetles Total seeds injured beetles injured 
Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 
None 2 h 12 8 1 h 
1 ounce 23 22 2 2 9 0 
1/2 ounce 2h 18 2 1 12 2 
l/U ounce 21 19 0 0 6 0 
3/8 ounce 16 1^ 2 0 12 1 
1/16 ounce 15 15 1 10 2 
i/Twen"ty-foixr beetles and 2k seeds were used per treatinent in each 
test. 
Table hi. Sunssary of results of laboratory tests with five insecticides 
as corn seed tneatments for protection against seed-attacking 
beetles--195U^ 
Agonoderus spp. C, inipressifrons 
Total dead Total seeds 
Total dead beetles Total seeds injured beetles injured 
Treatment Test 1 Test 2 Test 1 Test 2 Test 1 lest 2 
Untreated 1 7 33 7 5 h 
1 o2. dieldrin 5 12 8 0 11 2 
1 oz. toxaphene 1; 9 7 2 6 2 
1 oz. lindane 19 15 h 1 8 3 
1 oz. Biazinon i; 13 1 5 h 5 
1 oz. heptachlorlii 22 1 3 16 0 
l/Twenty-four beetles and 2h seeds were used per treatnient in each 
test. 
Table 1^8, Summary of results of a preliminary test comnaring Agonoderus 
spp. injury to soybean and com seeds— 
Tyoe of seed Hianber of seeds injured 
Blacldaasrk 1 of 2h possible 
Lincoln ii of 2h possible 
Com 10 of 2h possible 
Mixture (soybeans and corn) 5 com, 0 soybeans 
Figure 11. Agonoderus spp. seed-corn beetles and characteristic 
damage. I-'eeding usually starts near the ends of the 
seed before seedling emergence, and may be sufficiently 
severe to prevent seedling development. 
147b 
Figure 12. Clivina Impressifrons seed-corn beetles and character­
istic damage on corn. The tunnels somewhat resemble 
those made by wireworms in that they are small and 
extend some distance into the seed# Often more than 
one beetle will feed on a seed# 
148b 
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l/l6 ounce per bushel treatment over half of the Agonoderus 
spp. died, although there was little feeding on the seed» 
C. Imoressifrons was less readily killed by the seed treatments. 
Perhaps this was the resxilt of less contact with the seed. The 
five insecticides ranked roughly in the same order of killing 
ability that they do with wireworms. The heptachlor, lindane, 
and dieidrin treatments resulted in more dead beetles than 
did the Diazinon and toxaphene treatments. This was true for 
both genera. The seed injury was variable, but in general the 
control had the most damaged kernels. 
Beetles also attacked soybean seeds but the feeding was 
slight. Apparently they prefer corn over soybeans. 
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SUi®[ARY AKD CONCLUSIOlv'S 
A review of the literature pertaining to insecticide seed 
treatment revealed that extensive research had been carried out 
with this method of soil insect control on corn, but that prac­
tically no published data were available for soybeans. This 
dissertation describes a series of experiments with corn and 
soybean seed treatments, particularly with lindane, under both 
greenhouse and field conditions. The following conclusions 
were reached: 
1. Acetone offers little promise as a solvent for the 
application of lindane seed treatments on corn. In these studies 
it caused progressive reductions in both stands and yields as 
the lindane dosage was increased on Pioneer Hybrid 379 seed. 
This injury was not lessened to any extent by the addition of 
either captan or thiram. Pioneer Hybrid 339, presumably a more 
resistant variety, did not show such pronounced seedling in­
jury by similar applications of lindane in acetone solutions. 
(Table 24 and Figures 3 to 7, inclusive.) 
£• Treatments in which methyl cellulose was used as a 
sticking agent for wettable powder formulations of lindane at 
high dosages showed little or no phytotoxicity to either of the 
above hybrids under field conditions even after storage of the 
treated seed for 5 months under the conditions of these 
experiments. (Table 24 and Figures 3 to 7 inclusive.) 
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3» Certain soil insecticides other than lindane showed 
promise as seed treatment materials when used in wettahle 
powder formulations on both corn and soybeans. Included in 
this group were heptachlor and dieldrin. (Tables 8, 21, 28, 
31, and 34.) 
4. Limited tests comparing eimilsifiable concentrates with 
the corresponding wettable powder formulations of several insect­
icides indicate that soybeans are not as sensitive as corn to 
seed treatments with these liquid fomulations. (Tables 8, 21. 
and 28.) 
5. Soybeans were in general more tolerant than corn to 
BHC applications when the seed was of high viability. Perhaps 
the pure gamma isomer could be replaced on soybeans by formu­
lations having moderate levels of the other isomers of BHC if 
this would greatly cheapen the cost of treatment. (Tables 18, 
19, and 21.) 
6. Mergamma and Dow CE-30 were extremely toxic to corn, 
but were not tried on soybeans. Malathion and Dow DN-111 were 
injurious to soybeans but not to corn at comparable dosages. 
This and previous statements indicate a difference in suscep­
tibility of the seed of these two crops to Insecticide treat­
ments. (Tables 8, 21, and 26.) 
7. Both corn and soybean seed may safely be treated with 
insecticides when good viable seed is used. Soybean seed de­
teriorates during storage, and weak seed is readily damaged by 
chemical seed treatments. Soybeans should not be treated with 
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insecticide if they are to be stored "before planting# (Table 
18.) 
8. Soybeans of an old seed lot treated with captan and 
germinated in sand were stunted in growth and connnonly had 
their seed coats adhering to the cotyledons after they had been 
shed in the other treatments» The combination of lindane with 
captan increased the amount of injury. This injury was due in 
part to a reduction in seed viability and not by prolonged con­
tact of the chemicals «vith the seed, since it occurred as read­
ily with freshly treated seed from a standard lot as it did 
with seed from the same source treated and stored for 6 months. 
(Table 20.) 
9. There was a progressive decrease in the lengths of 
primary roots of corn seedlings grown in sand as the dosage of 
lindane was increased from l/l6 to 1 ounce per bushel. The use 
of methyl cellulose as an adhesive for the insecticide, in place 
of dry applications, tended to lessen this root shortening by 
the levels of lindane. (Tables 10, 11, and 12.) 
10. Corn seedlings grown in soil in a preliminary green­
house test overcame deficiencies in green weight caused by high 
dosages of lindane within 18 days after planting. Although the 
primary roots of the seedlings from lindane-treated seed were 
still slightly shortened after 18 days, the seedling weights 
and visual observations indicated that they had ample root 
systems. (Table 15.) 
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11a Concentrations of dextrose ranging from 1.125 to 9.125 
oiinees per bushel of seed did not lessen the injury to corn 
seedling roots induced by 1.125- and 2.250oxmnce levels of 
lindane when the treated seeds were genaiinated in sand in the 
greenhouse. (Table 16.) 
12o Two antibiotics, streptomycin and Terraaaycin, used in 
water dips at dosages ranging from 3 to 24 parts per million, 
did not noticeably influence the germination and growth of corn 
planted in a peat-sand mixture in the greenhouse. (Table 17.) 
13. The corn varieties tested showed distinct differences 
in susceptibility to insecticide injury. Five varieties of soy­
beans were found to vary little in susceptibility, even under 
extremely severe test conditions. (Tables 19 and 24.) 
14. In field experiments subjected to cool, damp weather 
captan was compatible with the insecticides used, and in some 
cases it significantly increased the stands of both corn and 
soybeans. Under these conditions this fungicide showed some 
indication of lessening injury to soybeans caused by high dos­
ages of some insecticides, particularly Diazinon. (Table 32.) 
15. Moistened fish meal was used to attract seed-corn 
maggot adults to planted soybeans after previous tests without 
baiting failed to show sufficient damage to permit treatment 
evaluations. Diazinon, lindane, and heptachlor gave significant 
increases in stands where maggot injury was common. Ko diffei?-
ence was detected in the protection afforded by l/3-, 2/3-, and 
1-ounce levels of the insecticides, either alone or in combina­
tion with captan. (Table 34.) 
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16. Four insecticides, lindane, toxaphene, dieldrin, and 
Jtieptacjblor appesired to be compatible with a proprietary soybean 
inoculant on the basis of visual inspection of the plots and 
harvested yields. Insecticides ware responsible for a small 
but statistically significant increase in the iodine number of 
the soybean oil, but did not significantly influence the oil 
content of the harvested beans. Lindane without inocxilant was 
mainly responsible for this significant increase in iodine 
number by insecticide treatment. (Tables 35, 36, and 37.) 
17# Lindane seed treatment failed to satisfactorily pro­
tect corn seedlings from wireworm attack in a field test at 
Centervllle in 1952. Combination seed and soil treatments in 
the replanting gave significant increases in stands but not in 
yields. There was a decline in wireworm feeding as the season 
advanced, and a greater amount of pupation diiring the latter 
part of the summer. (Tables 40, 41, and 42.) 
18. Heptachlor, dieldrin, and lindane were effective in 
protecting germinating seed corn against wireworms at 1 oxmce 
of actual ingredient per bushel of seed, and against Ajzionoderus 
spp« and Clivina Impressifrons at §- ounce per bushel. Diazinon 
killed about as many insects as the above three insecticides, 
but failed to satisfactorily prevent seed damage. Toxaphene 
was not effective in protecting corn seed. (Tables43 to 47, 
inclusive.) 
19. Melanotus communis larvae and Agonoderus spp. ad\ilts 
damaged soybeans slightly in laboratory tests, but apparently 
they prefer corn as a source of food. (Table 48.) 
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Table liJe length of primaary root data from fi:^  test of Com series 
II grojm in the greenhouse - 19^ 3 .ir 
Igngth of primary root (in,) 
Treaiaaent Sep, 1 Rep. 2 Rep. 3 Rep. li Mean 
Dry treatments 
5.63 1. Control 9.30 7.11 7.50 7.IU 
2. Captan control 6.33 6.h3 6,lib 7.01- 6.1t9 
3. l/l6 oz» of lindaiffi 8.23 8.13 8.18 8.70 8.31 
It. 1/6 oz. of lindane 9.7h 9.38 6.98 7.00 8.28 
5. l/k oz, of lindane 7.53 7.U0 7.75 6.Q5 7.18 
6. 1/2 oz. of lindane .^75 5.86 h.U2 5.61 5.UI 
7. 1 02, of lindane 3.23 3.31 h,7h 2M 3.14; 
8. l/l6 oz. of lindane + captan 6,^ 8 8.88 8.15 7.10 7.68 
9. l/8 oz. of lindane + captan 8,25 8.1t3 6.23 6.5li 7.36 
10. 1/li oz. of lindane -»• captan 6,80 7.10 6.70 6.13 6.68 
11. 1/2 oz. of lindane + captan 3.7h 5.95 h.39 5.13 i;.80 
12. 1 oz, of lindane + captan 3.15 2.77 hmhO 2.63 3.22t 
Methyl cellulose treatments 
13. Control 6,73 6.81 7,kO 7.22 7.014 
lit. Captan control 7.81 7.-9h 8.03 7.25 7.76 
1^ . 1/16 oz, of lindane 7.63 5.U5 7.89 it.85 6.I).6 
16. 1/8 oz» of lindane 6.3^  8.63 6.88 7.i;7 7.33 
17. l/lt oz, of lindane 7M 8.00 7.95 5.86 7.31 
18. 1/2 oz, of lindane 7.50 6,00 7.22 6.00 6.68 
19. 1 oz, of lindane 5.39 5.08 5.72 1;.85 5.26 
20. 1/16 02. of lindane + ca.pbaxi 6,ho 5.83 6.03 7.13 7.72 
21. 1/8 oz, of lindane + captan 8.58 9.0U 6.80 6.ii5 6.35 
22. l/h oz, of lindane + captan 8.86 8.15 6.03 8.08 7.78 
23. 1/2 oz, of lindane + captan 9.56 7.75 7.90 7.50 8.18 
2it. 1 oz, of lindane •». captan !i.35 3.85 it.05 li.58 lt.21 
—•''The analyses of variance of tlsse data -sirere given in Table 10 of the 
Eesults and Discussion. 
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Table $0, Len^^h of prirnaiy root data from second test of Com sei-ies 
II grown in the greenhouse - 1953 •]/ 
Length of primary root (in.) 
Treatment Rep. 1 Rep, 2 Rep, 3 Rep, ii Mean 
Dry treatments 
1. Control 6.25 8,hh 6.27 8,36 7.33 
2. Captan control 10.68 8,18 10.67 9.50 9.76 
3. 1/16 oa. of lindane 8.70 8.55 6.83 9.66 8,ijli 
k. 1/8 oz, of lindane 10,28 8.55 8o21 9.71 9.18 
5. l/h 02. of lindane 7.6U 7.Zi3 8.95 8.82 8.a 
6. 1/2 oz. of lindane 5.1;3 5.83 h,9h 6.13 5.58 
7. 1 OS. of lindane 2,88 3.65 3.05 ii.87 3,61 
8« i/l6 02, of lindane -t captan O.^-L 10o69 10.56 12.18 10. ii9 
9- 1/8 OS. of lindane + captan 10.82 10.55 10.32 11.16 10.71 
10. 1/ii oz. of lindane + captan 9.28 8.00 7.13 7.78 8.05 
11. 1/2 oz. of lindane * captsn h.95 5.00 ii.25 6.72 5.23 
12. 1 oz. of lindane + captan h*hB 3.73 5.38 ii.oo ii.39 
Ifethyl cellulose treatments 
13. Control 8,16 8.U9 9.03 7.67 8,3h 
m. Captan control 8.69 12,32 8.39 8.71 9.53 
15. 1/16 oz, of lindane 9.58 8.81i 10.23 9.33 9.50 
16. 1/8 oz. of lindane 9.0li 6,96 8.ii3 7.33 7.9ii 
17. l/h oz. of lindane 7.77 9.ii5 8.97 7.8U 8,51 
18. 1/2 oz. of lindane 6.6it 7.57 6,15 7.23 6.90 
19. 1 oz. of lindane k.91 5.93 6.10 5.22 5.56 
20. 1/16 oz. of lindane + captan 10.50 9.89 9.38 13.73 10,88 
21. 1/8 oz» of lindane + captan 9.01). 8,68 8.09 7.65 8.37 
22. 1/it oz. of lindane captan 7.75 8.83 7.1a 8.63 8.16 
23. 1/2 oz, of lindane * captan 7.17 7.19 6,68 8.1i8 7.38 
2lj. 1 oz, of lindane + captan 5.17 5.78 U.98 6.03 5.ii9 
 ^The analysis of variance of these data was given in Table 11 of the 
Results and Discussion, 
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TablB ^ 1, Length of primary root data fram third test of Com series II 
grown in the greenhouse—19$b=' 
Length of primary root (in») 
No. Treatment Rep. 1 Rep, 2 Rep, 3 Rep. U Hep. 5 Ifean 
Dry treatnsnts 
1. Control 8.65 5.80 6,55 6.03 7.70 6,95 
2. Captan control 8.30 6.6o 7.12 5.78 7.11 6,98 
3. l/l6 oz. of lindane 6.75 5.95 5.71 7.73 7.00 6,63 
h. 1/8 oz. of lindane 7.83 5.1i3 6.91 8.27 7.52 7.19 
l/h 02. of lindane 6.53 7.85 7.32 6.97 6.95 7.52 
6. 1/2 oz. of lindane 2.67 3.06 3.33 2.1i7 U.18 3.11 
7. 1 oz. of lindane 1.63 1.88 2.28 2.27 2.25 2.06 
8. 1/16 oz. lindane • captan 7.67 7.80 6.15 6.78 7.73 7.23 
9. l/8 OS. lindarffi + captan 6.1i3 6.83 7.19 6.21 6.91 6.71 
10. l/h 03. lindane + captan 6.30 i(.68 6.27 5.70 6.75 B.9h 
n. 1/2 oz. lindane + captan 2,93 3.15 3.57 2.89 2.h2 2.99 
12. 1 oz, lindane • captan 1.87 2.22 2.13 2.ii5 2.85 2.30 
rfethyl cellulose treatasents 
13. Control 7.90 7.80 6.25 7.96 7.00 7.38 
lii. Captan control 7.78 8.50 6.87 8.15 7.63 7.79 
15. l/l6 oz. lindane 6.18 6.58 6.58 6.88 6.23 6.U9 
16. 1/8 oz. lindaiffi 6.5b li,80 6.58 6.1iO 6.22 6.5b 
17. l/U oz. lindane 7.39 5.97 li.87 8.iiU 6.80 6.69 
18. 3/2 oz. lindane 5.1i2 5.90 Ii.5b 5.3ii o.liO 5.51 
19. 1 oz, lindane 2.37 2,71 3.92 1.89 2.63 2.70 
20. l/l6 oz. lindane captan 6,29 6.33 6.77 7.95 6.5b 6.77 
21. 1/8 oz. lindane * captan 7.72 6.80 6.58 7.52 9.18 7.56 
22. l/h oz. lindane + captan 6.32 I4.O8 5.82 5.05 6.95 5.6i^ 
23. 1/2 oz. lindane captan 1;.65 li.27 3.72 3.5b 3.30 3.89 
2U. 1 oz. lindane + captan 1.82 2.20 2.98 2,39 2.15 2.31 
l/lhs analysis of variance of these data was given in Table 12 of the 
Results and Discussion. 
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Table 52. Stand count data frcm Com series II grcmn at Conrad -
1953*}! 
Kumber of plants per 10 hills 
No. Treatment Rep. 1 Eep, 2 Rep,. 3 Rep. Mean 
Dry treatments 
1. Control 30 31 32 32 31.3 
2. Captan control 30 36 32 31 32.3 
3. 1/16 oz. of lindane 33 2h 28 38 30.8 
ii. 1/8 oz. of lindane 30 ho 31 33 33.5 
5. 1/h OS. of lindane 29 32 33 36 32.5 
6, 1/2 oz. of lindane 3h 33 32 39 3h,S 
7. 1 oz. of lindane 31 38 31 39 3h,8 
8, l/l6 OS. of lindane oaptan 26 25 33 31 <i0.0 
9. 1/8 oz. of lindane * captan 23 36 18 35 26.0 
10. l/h oz. of lindane + captan 32 36 35 39 35.5 
11, 1/2 oz. of lindane *• captasa 35 39 33 35 35.5 
12, 1 oz. of lindane captan 33 32 32 36 33.3 
2ified slurry treatment 
13. Control 33 33 25 28 29.8 
lii. CSdPtan control 26 36 3h 35 32.8 
15. 1/16 OS. of lindane 3h 22 35 26 29.3 
16. 1/8 oz. of lindane 31 29 31 38 32.3 
17. l/h oz. of lindane 25 25 28 36 28.5 
18. 1/2 oz. of lindane 36 33 36 36 35.3 
19. 1 oz, of lindane 38 31 36 39 36.0 
20. 1/16 oz. of lindane captan 28 31 38 33 32.5 
21, 1/8 oz. of lindane + captan 25 28 2k i;0 29.3 
22, l/h oz. of lindane + captan 33 26 3h 3h 31.8 
23. 1/2 oz. of lindane captan 35 39 29 36 3it.8 
2U. 1 oz. of lindane + captan 36 35 38 35 36.0 
1/ 
"" The analysis of variance of these data -was given in Table 22 of the 
Results and Discussion. 
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Table 53» Stand coimt data from Com series VH grom in the insectary 
garden at ijiies - 195^4-.i/ 
Mimber of plants per row 
LiQ, Treatment Rep, 1 Rep, 2 Rep. 3 Rep, lie an 
Kg fungicide 
1, Control I2li 12^ 120 126 123.8 
2. 1/3 oz. of lindane 119 113 12^ 117 118.5 
3. 2/3 02. of liudane 112 107 107 116 110.5 
E. 1 o2. of lindane 119 105 128 109 115.3 
5. 1/3 02, of heptachlor 12U 119 100 115 nii.5 
6. 2/3 03, of heptachlor 119 121 116 107 115.8 
?• 1 oz. of heptachlor nU 121 118 101 113.5 
8. 1/3 oz, of Diazinon iiij. 216 121 125 119.0 
9. 2/3 oz, of Diazinon 118 109 119 118 116.0 
10. 1 oz. of Diazinon 112 91 118 109 107.5 
:aptan treatnents 
131.5 11. C^tan control 137 136 115 138 
12. 1/3 oz. of lindane 127 127 125 127 126.5 
13. 2/3 oz. ctf" lindane 131 127 133 13h 131.3 
U. 1 oz. of lindane 120 121 133 135 127.3 
IS. 1/3 oz. of heptachlor lh3 128 125 135 132.8 
16. 2/3 oz. of heptachlor 131 135 135 133 133.5 
17. 1 oz. of heptachlor lUO 129 9ii 137 125.0 
18. 1/3 oz. of Diazinon llt6 121 133 123 130.8 
19. 2/3 oz, of Diazinon 13h 128 135 131 132.0 
20. 1 oz. of Diazinon 132 121 13i^ 133 130,0 
1/ 
The analysis of variance of these data Tfas given in Table 25 of the 
Results and Discussion, 
TabDje J)li. Stand count data from Soybean series I grown in tte inoectary garden at Ames—! 
Number of plants from 100 seeds 
Treafaient Rep. 1 Rep, 2 Rep. 3 Rep« U Itep. ^ Rep. 6 Rep« 7 Rep» Kteani 
Control 60 82 87 77 82 90 83 90 81.1i 
Lindane 59 66 70 67 69 78 78 81 71.0 
Ortho HL-609 72 91 78 93 82 88 87 83 8)4.3 
BHC 71 79 07 85 05 
CO 
86 83 82.9 
Heptachlor 3k 61 57 82 60 76 66 75 63.9 
Aldrin equivalent 61 6k 73 73 6U 71 71 70 68 .Ij 
Dieldrin )47 58 75 75 83 72 73 71 69.3 
DuPont EPM-300 h2 37 71 79 65 67 55 76 61,5 
DuPont NPD 58 78 70 76 76 80 81 78 7^4.5 
Malathion 3U 111 52 li5 I40 U7 ^3 5ii UI1.5 
jfetacide 72 7U 76 81 7k 7^4 69 78 7U.8 
i/l'te analysis of variance of these data was given in Tablo 26 of tte Results and Discussion. 
Table tean ^mergence pei'iod data from Soybean series I groim in thB insectary garden at Ames— 
Hean emergence period in days 
Treatment Rep. 1 Rep. 2 Rep. 3 Rep, U Rep. 5 Rep, 6 Rep. 7 Rep. 8 Mean 
Control 6.77 6.^0 6,61 6.20 6.31 6.2^ 6,66 6,92 6,53 
Lindane 7.17 7.18 7.09 7.00 7.07 6,96 7.21 7.22 7.12 
Ortho IlL-609 7.36 6.89 6.!^6 7.33 7.0U 6,69 6.1U 7.22 6,90 
BHC 7.09 7.0lt 6.78 6,60 6.31 7.08 6,65 6.82 6,80 
Tfeptachlor 7. ill 6.93 6.9^ 7.16 6.92 6,8)4 6,86 7.17 7.03 
Aldrin equivalent 6,614 6.78 6,^1 7.12 7.00 6.72 6,86 6.96 6,82 
Dieldrin 7.3U 6.1i^  6.81 7.Oil 6.99 6.90 6,78 7.10 6.93 
DuPont EPM-300 7.79 7.86 7.10 7.32 6.8^  6,60 6,J^3 7.12 7.15 
DuPont NPD 7.19 6.^ 8 7.33 7.30 6.70 6,71 6,99 7.09 6.99 
Malathion 7.38 7.27 7.73 7.U7 7.U0 7.60 7.28 6,89 7.38 
I-fetacide 7.17 7.11 7.0!^ 6.79 6.87 6,96 7.03 7,26 7.03 
^Analysis of variance of these data was given in Table 27 of the Results and Discussion. 
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Table 56. Stand cotint data frcsra Soybean se;^s VI grown in the 
insectary garden at Mes - 19Sh*— 
NTgnber of plants frcm 200 seeds 
Ho, Trsa-teent Rep* ^ Rep* 2 Rep. 3 Rep. U Mean 
NO fungicide 
1. Untreated 175 170 16k 17h 170.8 
2. 1/3 oz. of lindane 159 166 175 173 168.3 
3. 2/3 oz. of lindane 177 180 171 181 177.3 
h. 1 oz. of lindane 180 170 17ii 167 172.8 
5. 1/3 oz, of heptachlor 175 182 172 179 177.0 
6. 2/3 oz. of heptachlor 186 170 180 171 176.8 
7. 1 oz. of heptachlor 179 16U 169 161A 169.0 
8. 1/3 oz. of Ijiazinon 162 128 182 177 162.3 
9, 2/3 oz, of Diazinon 170 163 lliO 165 159.5 
10. 1 oz. of Diazinon m lii6 15h 152 150^0 
Gaptan treatments 
11. Captan control 175 161 186 177 17it.8 
12. 1/3 oz. lindane 175 163 169 182 172.3 
13. 2/3 oz. lindane 192 177 185 170 181.0 
lii. 1 oz. lindane 190 178 I81i 190 185.5 
15. 1/3 02. heptachlor 178 173 163 167 170.3 
16. 2/3 oz. heptachlor 181 179 169 188 179.3 
17. 1 oz. of heptachlor . 191 187 180 192 187.5 
18. 1/3 oz. Diazinon 172 169 185 17U 175.0 
19. 2/3 oz. Diazinon 190 180 158 185 178.3 
20. 1 02. Diazinon 180 175 185 178 179.5 
1/ 
"" Analysis of variance of these data -was given in Table 32 of the 
Results and Discussion. 
Tsble 57* Stand cqxpt data from Soj^bean series ¥I grown at Independence 
- 195k. 
Number plants frcm 100 seeds 
No, Treaisient Hep. 1 Rep. 2 Rep, 3 Rep. i f Mean 
fo fungicide 
1, Untreated 33 30 36 22 30.3 
2. 1/3 oz« of lindane hz he 35 la la.o 
3. 2/3 oz. of lindane 52 59 61 56 57.0 
ii. 1 02. of lindane hi 55 h3 38 ii5.8 
5. 1/3 oz. of heptachlor 60 33 hi h8 1^5.5 
6. 2/3 oz, of heptachlor ii9 38 52 h8 I16.8 
7. 1 02. of heptachlor 65 33 57 h? 50.5 
8. 1/3 oz. of Diazinon 50 39 51 32 it3.o 
9. 2/3 oz. of Diazinon 51 iOi 37 32 lil.O 
10, 1 oz, of Diazinon 56 liO h2 35 li3.3 
;aptan treatment 
11. Captan control 3k 36 28 21 29.8 
12. 1/3 oz. of lindane 62 51 Itii 52 52.3 
13. 2/3 oz, of lindane hi la 38 60 ii6,5 
lit. 1 oz, of lindane 58 36 3h h9 liU,3 
15. 1/3 oz. of heptachlor 55 U6 56 32 i;7.3 
16. 2/3 02, of heptachlor 55 hS 52 h6 li9.8 
17. 1 02. of heptachlor 66 h6 li7 35 I18.5 
18, 1/3 oz, of Diazinon hS hS 31 32 38.5 
19. 2/3 02, of Diazinon Uo h2 57 ho liiuS 
20. 1 oz, of Diazinon 68 52 hk h2 51.5 
y 
Analysis of Tariance of these data tJ-as given in Table er of the 
Eesxilts and Discussion. 
Table ^0, Oil content and iodinQ number determinations from Soybean series VII grovm in the insectarjr 
garden at Aires—19^33/ 
Oil content determinations Iodine number determinations 
Treatront Rep, 1 Rep, 2 Rep, 3 I-fean Rep. 1 Rep, 2 Rep, 3 ^ieari 
No inoculation 
Control 21.2 21.7 21.1 21,3 126 12U 127 125.7 
2 oz, of llnidane 20,!^ 20,7 20,7 20,6 129 128 128 128,3 
2 oz» of dieldrin 21, h 21,1 21,3 21,3 127 127 127 127.0 
2 Q7,, of toxaphene 20,9 21,3 21,3 21,2 126 127 128 127.0 
2 OK, of heptachlor 21,h 21,2 21,U 21,3 127 126 127 126.7 
Dculation 
Inoculation control 21,2 20,7 21,3 21,1 126 125 12I4 125,0 
2 oz, of lindane 22.0 21,9 20.9 21,6 12^ 12$ 121^ 125.0 
2 oz, of dieldrin 20,^ 21,1 21.7 21,1 127 126 125 126,0 
2 oz, of toxaphene 20,3 21,7 21,3 21,1 127 126 126 126,3 
2 oz, of heptachlor 22,0 21,0 21,3 21,14 126 120 126 126.7 
^/Analyses of variance of these dat^ were given in Tables 3!? and 36 of the Results and Discussion, 
Table ^9, Yield data from Soybean series VTI grovm in the insectary garden at Ames— 
Yield in grams from 20 plants 
Trea-fanent Rep. 1 Rep. ^ Rep, 3 Rep. h Rep. ? Rep. 6 Kean 
Mo inoculation 
Control 39^.7 389.7 U38.U 1469.5 392.7 U53.3 )423.2 
2 oz» of lindane ^17.1 3h2.^  li28.3 I48I.5 365.5 1^31.6 lt27.8 
2 02. of dafildrin 397.6 3^ 1u2 h7^.5J J460.0 k32.8 I4I5.9 I422.7 
2 oz. of toxaphene 145^ .8 I.»63.7 3^8.^ U79.1 Ii6l«8 391.8 U35.1 
2 oa. of heptachlor ^7.6 UI43.3 U29.1 '476.14 h79,h I459.9 I466.0 
Inoculation 
Inoculation control iil8.^ li99.0 U93.U i439.8 I421.7 1420.9 Ult8.9 
2 00. of lindane 5^7.U 1421.^  h91.7 507.9 I437.I I493.I4 
2 oz. of dieldrin iio^.8 513.8 li8i(.3 liSU.U 51U.9 k6h,B 
2 OK. of toxaptene 10^ .6 li07.0 399.2 h71.2 I429.0 ).|08.2 I425.O 
2 055 • of heptachlor h^h.7 2^2.3 U^h.l 512.2 Itl7.6 li06,l I476.2 
I/tIk! analysis of variance of those data was given in Table 37 of the Results and Discussion. 
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Table 60. Stand comib and yield data from the combined^soil and seed 
treatment experiment at Centerville - 1952 .i' 
Soil . 
treateenfcr' 
Planbs/liO-foot 
sample yield in bu»/ 
S^ ple Bep. 1 Bep. 2 Bsp. 1 2 
1 31.0 36.0 115 .ii 100.7 
2 ia.o 3it.0 91.2 121.9 
3 35.0 36.0 100.3 99.7 
ii 38.0 32.0 108.6 107.3 
Ifean 36.3 3U.5 103.9 107.lt 
1 1)1.0 31.0 108.7 110.8 
2 liT.O 35.0 110.8 95.lt 
3 36,0 37.0 116.7 98.1; 
\ 31.0 30.0 98.8 82.1 
38.8 33.3 108.8 96.7 
1 31.0 36.0 93.2 12U.it 
2 35.0 39.0 101.8 113.3 
3 37.0 27.0 103.5 8li.l 
h 36.0 31.0 97.5 lllt.O 
Msan 31;.8 33.3 99.0 109.0 
1 29.0 25.0 97.1^  82.6 
2 33.0 25.0 102.lt 7it.3 
3 29.0 28.0 106 .ii 77.8 
h 33.0 27.0 95.0 88.9 
Mean 31.0 26.3 100.3 80.9 
BHD 
Cblordane 
Aldrin 
Ko soil 
treatment 
—^The analysis of variance of thesedata was given in Tables iiO and itl 
of the Eesults and Discussion. 
2/ 
— Thro-u^oirb the field lindane -was applied to the seed at the rate of 
ii-a oz. of 25 per cent powder per bushel. 
